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ABSTRACT

This thesis is concerned with*ﬁeveloping a set of Jive computer
prograns, for use with the IBW-7090/7094 computer, to simulate and
translate a chosen computer design in Chu's Computer Design Languago
(CDL) into boolean (or logic) equations,//The machine which is sizu-
lated and translated by this set of programs is a simple, non-triviel,
stored-program digital computer. 'The programs are written in the
Michigen Algorithmic Decoder (MAD) programming languages

'/The computer design (shown in Appendix 4) is first'transcribed
into a MAD brograqﬁ following the CDL format as closely as possible.
This MAD progran is.raadily expanded into a gimulation program (showa

in Appendix B). The simulation program uses as data a sauple test

program encompassing the entire instruction fépertoire of the desigaed
'computer, and produces an octal output which represents all register
contents for each clock (Appendix c)e )

“The translation is accomplished 5y a set of fouxr comnsecutive

programs: a tabulation program, a truth? table program, a bhoolesn

expression program, and a booleen equation program¢/ The tabulation
program (Appendix D) accepts as input the MAD program obtained above,
prior to its expansion into the gimulation program, and produces as

output a tabulation of all data pertinent to tremslation (aAppendix E).



This tabulation is then processed by the truth table program
(Appendix F), which generates truth tables for each register and each
operation (Appendix G). With these tables as input, the boolean
expression program (Appendix H) produces as output a set of JK-type
boolean expressions for each register flip-flop (Appendix I). The
boolean equation progran (Appendix J) assembles and packs these
expressions into a set of boolean equations (Appendix K). These
equations constitute the boolean translation of the chosen computer
design.

&he use of MAD to simulate a CDL design has both advantages and
disadvantages. The advantages include: the use of subscripted alpha-
numeric statement label vectors to simulate command signals; the
ability to define arithmetical operators as external functious, &and
use them directly in the program without a separate calling sequence;
the abilitylto simulate parallel conditional operations through the
use of the MAD compound conditional; and the ability, by proper
mode declaration, to use octal integers in all registers throughout
the program. The disadvantages include: the inability to simulate
adequately multiple clock pulses and matrix-generated coumand signals
.with the statement label vector; the necessity to right-adjust all
integer values, which presents difficulties in bit-comparisons and
sub-register operations; and the 36-bit tword size required of all
variables in MAD, by which it is difficult to simulate any smaller or
larger register and memory word sizes used in the CDL desigu.

Additionally, it must be noted that this simulation process is
very slow. For this particular computer simulation, compilation time

was 20.4 seconds, and execution time was 1.8 seconds.



ACKNOWLEDGHMENTS

The computer time for this project was supported by National
Aderonautics and Space Administration Grant NsG-398 to the Computer
Science Center of the University of Maryland, under Project Number
305/01/107.

The daté for the Logicel Simulation program consists of a
sample test program for another similar computer developed by
Professor Yaohan Chu in Chapter 1l of his book Digital Computer
Design Fundsmentals (lcGraw-Hill Book Company, 1962).

ii



TABLE OF CONTENTS

SECTION

ACKNOIYILEDGI'IENTS se0ces oo

I.

1I.

I1I,

Iv.

ML S A N R B R I I I R I I O N O O ey

INTRODUCTION 4eeveeeeeesaaesstooceoceesseocssennsnnnnnnsoee
LOGICAL SIMULATION seveeeeeciescaoncsrasaconnsasorcnnnanes
A. ADVANTAGES OF MAD LANGUAGE sevececeveoeccoccnnsnnnss
Be RESTRICTIONS OF MAD LANGUAGE seveeeeceaccosccecncnne
C. SIMULATION PROGRAM PROCEDURES eeeeevceocssccacaasces
TRUTH TABLE GENERATION eecevcecoccseccosncecceccncoocoonss
A. TABULATION seceeeeccosesocosassscccscscoccccnnccnsea
Bs TRUTH TABLES ceeveceserssssncecoasscsacsccconssnnne
BOOLEAN EQUATION GENERATION sueesecacsccsccvccccoacsnosanss
4. BOOLEAN EXPRESSIONS +evevescnvcsorescccocncocscocsas

BO BOOLM EQUATIOIJS $ 9 0000000000000 IOILIRTOIOCOIOEOPEPINOIOROETRTSDS

APPENDIX A. DESCRIPTION OF A SIMPLE DIGITAL COMPUTER USING

CHU'S COMPUTER DESIGN LANGUAGE suvavescescecscncons

APPENDIX B. SIMULATIOIJ PROGRAM 6000000606000 0000000 s000 00RO ITEES

APPENDIX C. SIMULATION PROGRAM OUTPUT ceresssccissersnoesrscnee

APPENDIX D. TABULATIOII PROGRAI‘I 0000000 enVROOPRNGOSIISOIEBIIOEOIOIEORTEDN

APPENDIX E. TABUIIATION PROGRAIWL OIJTPUT LU L2 L N 2N B B LB BN BN BN AU B Y B B Y3y

APPENDIX F. TRUTH TABLE PROGRAI"I 0060600800000 c0000000000 0000t

APPEN'DIX G. TRU.,I‘H TABLE PROGRAI\I OUTPUT ...'Ql....‘.....'...‘.'..

APPENDIX H. BOOLEAN EXPRESSION PROGRAM seveececscoccccncocacnss

APPENDIX I. BOOLEAN EXPRESSION PROGRAM OUTPUT tesecssscncccscns

APPEN‘DIX J. BOOLM EQUATION PROGP\MI ® 0 0000000000000 000000etoee

LAPPENDIX K. BOOLEAN EQUATION PROGRAM OUTPUT 4.vveveooceccacones

BIBLIOGRAPHY GO 000000000 00000 EEOOEIOOEOCOLOLLLINOEENNOPIOGEOIIOBROEOROEOROIOIEEOIOOLEOITES

iii

i8
25
23
27

102



iv

LIST OF TABLES
Table Page

1. MAD Abbreviations and Corresponding EXpressions eeseececces 2
2. Arithmetical and Functional OPerators eeeeeececsccccoconses 9
5. Use of MAD Compound Conditional ..........;................ 9
4. Sub-register Transfers in CDL and MAD ceeecececcoccescssees 11

5' Bit COmparison in CDL andMAD.0...'o..o.-o'...on'lu..'.'.. ll




SECTION I: INTRODUCTION

l. Purpose. The purpose of this paper is an attempt to develop a
translation program for Chu's Computer Design Language, hereinafier
referred to as the CDL. This particular program uses as input the
CDL description of a simple, hypothetical, general-purpose digital
computer, which is listed in Appendix A. A second purpose is to
investigate the feasibility of using CDL format to develop a logical
simulation program.

2. Programming Language. The programming language used in this
investigation is the Michigan Algorithmic Decoder language, herein-
after referred to as MAD. This lenguage was originally chosen
primarily because it was the only programming language of which this
writer had aﬁy working knowledge. Upon further investigation, it was
found to be a fortuitous choice, especially in the realm of logical
simulation. One basic reason for this is that both the CDL and MAD
are ALGOL-based languages, hence the similarity.

The MAD language allows abbreviations of éertain standard
expressions, a partial listing of which is shown in Table 1. These
;bbreviations are used frequently in the ensuing program development,
both for simplicity, and as format rest;iptions for input to the

program.

3. Procedure. The development of this program, which is fully
discussed in the balance of the paper, is as follows:
a. Since the CDL terminology and symbols are not computer

counpatible, the CDL description is first transcribed into MAD



Table 1: MAD Abbreviations and Corresponding Expressions

Abbreviation

C'E
D'N
E'L
E'M
E'N
E'0
PN
L'T
N'S
0'E
O'R

PN

T'0
v's

VIR

Expression

CONTINUE
DIMENSION

END OF CONDITIONAL
END OF PROGRAM ,
END OF FUNCTION
ENTRY TO
TFUNCTION RETURN
LOOK'AT FORMAT
NORMAL MODE IS
OTHERVISE

OR EHENEVER
PROGRAM COMMON
PRINT FORMAT
READ FORMAT
THROUGH
TRA?SFERVTO
VECTOR VALUES

WHENEVER
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language, following the CDL format as closely as possible. This
transcription is readily expanded into a simulation program, which
is discussed iﬁ Section II.

b. The next step is the construction of truth tables, from which
the boolean equations can be developed. This is discussed in
Section III, and is, in fact, itwo successive programs: a tabulstion

pProgram, and a truth table program. The input to the tabulstion

progran is thé MAD transcription of the CDL description, extracted
from the body of the simulation program. The output of the
tabulation program is in the form of punched cards which are
introduced as data for the truth table program. The output of the
latter progrem is also in the form of punched cards.

¢. The final step is the generation of boolean equations for each
register, and for a representative memory word, or row. All
registers; and the memory, are assumed to be composed of JK flip-
flops, and the resulting equations are therefore of the JK form.

This portion is subdivided into two pPrograms: a boolean expression

program, and a booleen equation program. The data for the boolean

expression program are the truth tables generated by the truth

table program, in the form of punched cards. The output is also in
the form of punched cards, and is used as input to the boolean
equation program. The final output is a printout of a series of
JK~type boolean equations for each of the flip-flops of the
computer.

4. Conclusions. The conclusions to be drawn from the work discussed

in this paper can be described as both retrospective and prospective.
a. The simulation program indicates that CDL is well suited to

logical simulation, but requires transcription into an existing



programming language, in this case the language being IMiD. Lest
it be concluded that MAD could be used just as easily for simulation,
it nust be pointed that the marked similarity between the two
languages in this particular case is more a coincidence than a
reality, resulting mainly from the simplicity of the computer
described. MAD may greatly resemble CDL, but they are not eguivslent.
The following points must be emphasized, for clarity:
i. A CDL command signal is the output of a logical switching
matrix. A MAD statement label, on the other hand, is a vector,
with single subscripts. A single clock pulse produces a one-
row matrix, which is equivalent to a vector, and the statement
label suffices in the simulation. A multiple clock pulse
machine, however, produces a multiple-row command signel matrix,
which can not adequately be described by & vector without ioss
of format similarity.
ii. A register, considered as a word, or variable, in MAD,
can not be decomposed into sub-registers. To be sure, it may
be masked, and the results may be shifted as necessary for
proper positioning in a memory word. The resultant word,
however, is not in reality a sub-register, but a separat:
distincet variable, in addition to the origimal v lituu, (i
not a part of it. By the same tdken, cascading of registers,
a simple procedure in CDL, is rather cumbersome in MAD., It
requires several shifts and logical-or operations, with the
result again being a new and distinct variable, larger than
and separate from its supposed components. It should be

fairly evident that a MAD simulation program for a more



sophisticated computer than the one described herein would
scarcely resemble the CDL description, let alone be
equivalent.
iii. Individual bits of a register, as used in CDL, are
actually small sub-registers, and subject to the same
restrictions. The problem would be magnified if several
distinct end non-adjacent bits were used to generate a command
signal, as might be the case in micro-programming.
iv. MAD uses a word length of 36 bits, while CDL has no such
restriction. Consequently, the use of MAD to simulate
registers of shorter word length would tend to waste memory,
and cause difficulties similar to those encountered in sub-
register operations, since all words must be right-adjusted.
Words of greater length than 36 bits, on the other hand, would
require decomposition and cascading, with the attendant diffi-
culties already discussed.
‘In view of the above, it is felt that a CDL compiler, to accept a
CDL description directly and produce a macline language simulation
program acceptable to the simulating computer (in this case, the
IBN-7090/7094), is both desirable and necessary.
b. The translation program developed in this paper can only be
said to work for this particular CDL Wescription. It does, however,
demonstrate that such a translation is possible, and the basic
ideas could be expanded for other more sophisticated computer
descriptions. The following points should be considered:
i. If a CDL compiler should be developed, the tabulation

program developed herein could easily be bypassed, if not



eliminated. Thus, the truth table program could readily
develop the necessary truth tables directly from -
description.

ii. The truth tables are a necessary intermediate step in
the translation, since the boolean expressions developed from
them would be entirely dependent upon the type of flip-flop
used. However, the boolean expression and boolean equation
programs could probably be combined, with the expressions
being packed into the appropriate equation matrices as they
are generated from the truth tables. Unfortunately, time did

not allow investigation of this possibility.



SECTION II: LOGICAL SIMULATION
A. ADVANTAGES OF MAD LANGUAGE

There are several advantages to using MAD language in writing a Logical

Simulation Program for a computer description written in CDL. These

are:
l. Alphanumeric statement lsbels. A statement label effectively
simulates a command signal in CDL, since it identifies the location of
the next sequential instructions to be executed in tha program. Sincs
a MAD statement label is an alpha-numeric constant of not more than
six characters, beginning with a literal, and, furthermore, may bve
subscripted, a CDL decoder terminal is easily transcribed into a MAD
statement label. For example, K(17)*P.in CDL becomes K(17K) in MAD

(X denotes aﬁ octal subscript).

2. Integer mode. By declaring the normal mode to be integer (N'S
INTEGER); all variables and constants not otherwise declared are
manipulated as integers, either octal or decimal numbers. This SXC e,
facilitates register manipulation.

2+ Octal numbers. By appending a suffix, K, to any integer, it is
automaticallj declared an octal integer. Thus all registers contents
may be declared or manipulated as octal:dhmbers, easily convertible to
binary form.

4. Statement label vector. A vector declared in statement label mode

can be subscripted with another integer variable, whose value may be
evaluated at any specified point in the program, and the value may be

an octal or decimal integer. Thus, evaluating the statement T'0 X(F),



a transfer is made to statement label K(17K), for example, only when
the value of F at that time is 17 octal (1111 binary).

5. Functions. In MAD, an externsal, or internal, function is definegd
by an alpha-numeric name of not more than six characters, followed by

a period (.), and by the arguments in parentheses immediately following.
It nay be used as part of an arithmetic expression without an zadditional
execution statement. Thus, the MAD statement, A = ADD.(A,R), evaluates
the function ADD.(A,R), and substitutes the result es the value of
variable A. In this way, the arithmetic and functional operators of
the CDL are readily transcribed into MAD external functions, as shown
in Table 2.

6. Substitution operation. The large majority of operations described
in the CDL are transfer operations, defined by the symbol " «— ", This
is identical to the substitution operation in MAD, defined by the
symbol " = ”; Thus the CDL statement, C <«—D, readily becomes the MAD
statement, C = D, without loss of meaning or format.

7. Conditionsl statements. By use of a compound conditional, several

executable statements may be defined in a MAD program directly after the
conditional statement which determines their execution. Thus parallel

_ %onditional operations can be simulated without loss of context or
sequence. An example is shown in Table 3.

8. Masking., Using the bit-wise logical-bnd operation in MAD (.4.),
together with an octal integer (readily converted to its binary velue),

any portion of a register can be masked in a MAD program, to evaluate,

compare, or manipulate one or more bits.



Table 2: Arithmetical and Functional Operators

£hL MAD Function
A add R ADD.(4,R)

A sub R | SUB.(4,R)

1 shr A SHRA.(4)
1lcirl A CIRL.(4) .

D count +1 UCOUNT. (D)

Table 3: Use of MAD Compound Conditional

CDL Operation MAD Transcription
IF G = 0 THEEN BEGIN W'R G.E.O
C=0
! C=<—0;D< 0 END D=0
O'R G.E.1
P = 6K
IF G =1 THEEN F<6 .8 E'L
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B. RESTRICTIONS OF MAD LANGUAGE

In using a MAD program for CDL simulation, there are several
restrictions and difficulties which limit the possibility of exact
transcription from CDL into MAD in the following operations:

1, Sub-register menipulation. In CDL, subregisters may readily be
defined and menipulated as separate entities. This is difficult, if
not impossible, in MAD. We will use the example in Table 4 to discuss
this in detail.

a. C~<+R(ADDR). In this operation, the address portion of the

R register, R(ADDR), is transferred to the C register. This
portion, or subregister, is defined as the last six bits, R(B)
through R(8), of R. The operation is fairly straightforward in
the MAD‘program, but it loses its similarity to CDL in the process.
The MAD expression is C = R.A.T7K, which means that the last six
bits are extracted by masking with 77 octal (111111 binary).

Since the result remains right-adjusted, no further manipulation
is required.

b. F(I)=<—R(OP). Iu this operation, the operator portion of the
R register, R(OP), is transferred to the instruction portion of the
P register, F(I). These subregisters are defined as the first
three bits of R, R(0) through R(2), and the last three bits of

F, F(1) through F(3), respectively.: The corresponding MAD operation
is not so simple. Simply masking the first thrée bits of R with
700 octal (111000000 binary) extracts the required bits, but with
six trailing O's. The result must now be right adjusted by a sixz-

bit shift. The MAD expression thus becomes (R.A. 7OOK).RS 6.
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Table 4: Sub-register Transfers in CDL and MAD

CDL Operation

C «<R(ADDR)
(1) «R(0P)

F(0)<0

MAD Iranscription

C = R.A.TTK

F = ((R.A.TOOK).RS6).4.TK

Table 5: Bit Comparison in CDL and MAD

CDL Operation
IF ¢(3) = 1 THEN BEGIN

F<-17;G <0 END

IF ¢(2) = 1 THEN F <16
IF ¢(1) = 1 TEEN F ~15

IF ¢(0) = 1 THEN F<14

MAD Transeription

W'R (C.A.4K) NE.O
F=17K
G =0

O'R (C.A.10K).NE.O
F = 16K

0'R (C.A.20K).NE.O
F = 15K

O'R (C.A.40K).NE.O
F = 14K

E'L
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c. F(O)-&-O.. In this operation, the first bit of ¥, #(0), is
set to O. In the MAD program, since F is to be considered a four-
bit register, performing such an operation separately would czuse
further complications. It is therefore considered more desirable
to combine these two CDL operations into one MAD operation, where
F(0) is set to O by masking F with 7 octal (111 binary). The
resultant expression is: F = ((R.A.7O0K).RS.6).4.7TK.
2. Bit comparison. In CDL, the logical value of a specific bit may be
used as a condition for execution of a transfer statement. The bit may
be masked for evaluation in MAD, but unless it is the right-most bit,
the result is an octal number with trailing 0's, and not a logical
value (O or 1). The result may be right-adjusted by shifting; it may
be compared with an octal number; or, if the logical value is to be 1,
it may be tested for inequality with O, This simulation program uses
the latter oferation, as shown in Table 5. |
S5« Clock pulse simulation. In CDL, a command signal is not generated
until a clock pulse activates the appropriate decoder terminel; €.Ze
K(l?)*P. Such en expression is illegal in a MAD statement label,
which is used to simulate the command signal, as already discuss;d.
In the case of a single clock pulse, as used in this program, the
problem is minor. 4n external function, CLOCK.(P), exscutes a
transfer to statement label K(F), with tde subscript being the octal
value of F at the time of execution. In more sophisticated machines,
with variable or multiple clocks, the CLOCK. function must, of neces-
sity, be more complicated, and the advantage of the MAD statement

label may be lost.



C. SIHULATION PROGRAI PROCEDURES

The simulation program of a simple digital computer, listed in
Appendix B, is essentially a MAD languege transcription of the CDL
description, incorporating the advantages, and subject to the limi-
tations listed above. The following additional features will now be

discussed.

1. Declsrations. The declaration portion of the CDL description is

not essential to the MAD simulation program, but is necessary, directly
or indirectly, for a translation program. It is therefore included as
MAD comments, identified by the letter R in column 1l. Any additional
comments, including those in the CDL description, can be inserted in

the same way. The MAD declarstion portion has no counterpart in the

CDL description, but is essential for a MAD program.

2., Additional functions. The clock simulation function, CLOCK. (X,F),
has already been discussed, and is considered self-explanatory. 4n
additional function, PRINT.(P), has been defined, to print out the
octal contents of each register after each sequential operation, so as
to visually check the sequencing and proper operation of the computer
according to the program introduced. |

3. Cxciing simulation. In the actual operation of this computer,
when the contents of F are 17 octal (111% binary), and G is O, the

C and D registers are reset, or cleared; and the computer “"cycles",
or does not move until G is set to 1. This operation occurs twice:
when the power is turned on, and when the stop instruction, 504 octal
(10100100 binary), is executed. To simulate this in the MAD progranm,
the following procedure is used:

a. An additional argument, WAIT, is introduced for the external



function, PRINT, at statement label K(17K): PRINT.(P,VAIT).
b. When the "cycling" conditions occur in the external function
(F=17K and G =0 gnd C = O gnd D = 0), the statement ERROR RETURN
is executed. Since the external function has only one dummy
argument, this statement causes a return to the main program, not
‘at the original point of calling, but at the statement label iden-
tified by the second argument in the function call, namely WAIT.
¢. At the statement label WAIT, two conditions may occurs
i. When the sequential number of the clock pulse is less than
5, (P.L.S), it is assumed the power has just been turned on,
and the START switch is to be ﬁurned on to start the program
operation. This is simulated by the statement T'0 START, and
START is printed in the simulation output.
ii. Otherwise (0'E), it is assumed that the "stop" instruction
has 5een executed, STOP is printed in the output, and the
program terminates.
4. Progrem. The program for this simulation is introduced as data.
Instructions and operands are obtained by transferring a mehory word,
located by the memory address register, C, into the buffer register, R,
Yith the "fetch sequence" operation: R M(C). The memory is declared
in the MAD program as an integer vector with 64 components, or nine-bit
words. The data therefore consists of a 'sequence of memory components,
e.g. M(63), with the value of each being an integer of three octal
digits (nine binary bits). Unfortunately, vectors introduced as data
can not have octal subscripts, and the memory address locations,

determined by C, must be converted to decimal form for data purposes.
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5. Simulation output. The output for this simulation is an octal
representation of the register contents, according to the format
specified in the MAD simulation program. An additionsal statement in

the PRINT.(P) function (P'T STATE,F), together with & carrisce control

character of " + " in the format, which causes en overprint of the

same line, allows the command signal for each operation to be printed
according to the octal value of F after the preceding operation; e.g.
K(17). The data, also printed out (READ AND‘PRINT DATA), was developed
by Chu for another digital computer, essentially the sawme as the one
described here. The program uses the full instruction repertoire of
this computer, and the results have been verified to be accurate. A

listing of the output of this program is found in Appendix C.



SECTION III: TRUTH TABLL GENERATION
A. TABULATION

1. Purpose. The purpose of this program, shown in Appendix D, is to
scan the simulation program, which is now a NAD transcription of the
CDL, to extract the information pertinent to translation into Boolean
equations, and to tabulate this information into a usable format.
2. Data. Thé data for this program is the execution portion of the
simulation program discussed in the previous chapter, less the
CLOCK.(X,F), and PRINT.(P) statements. Inasmuch as the CDL mus% be
transcribed into MAD language for simulation, it is felt that no undue
difficulty would be imposed by establishing a specific format for this
data. Therefore, the following restrictions are imposed:
a. All statement labels must start in column 1.
b. 4ll statements, conditional or unconditional, must start in
column 12,
c. Except for the conditional jump instruction, all conditionals
will be compound conditionals.
R d. All blanks, or spaces, will be eliminated in substitution
Statements, boolean expressions, and arithmetic expressions.
6. In all conditional statements, tde MAD abbréviation will be
used exclusively.
f. In compound conditionals, the executable statements following
the conditional will begin in column 16.
5. Input Format. The input data, subject to the conditions cited

above, is read in using two formats: IN1l, for conditional statements,

16
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and IN3 for unconditional statements,
4. Procedure. Using the LOOX AT FORMAT (L'T) statement, a card is
checked for the contents of columns 12 through 14. Several alter—
natives occur:
a. If the contents are W'R or O'R, a conditional statement exists.
The name and value of the conditional variable are determined
(sWV and VAL), as 1s the statement label, or command signal name
(STATE). If SWV is 4(0), and there is a simple conditionsl, the
register involved (REG), and its final contents (CONT), are
evaluated. If there is no simple conditional, the next card is
read. Since, by the format, colunns 12 through 14 are novw empty,
REG and CONT are evaluated from the contents of columns 16 througy
33 (three 6~-character words). The five variables so obtained are
now printed out according to the formet OUT. STATE, SWV, end VAL
are now "blanked", and the next card checked by L'T IN1, for en
entry in STATE or SWV. If not, parallel opérations are occurring.
New REG and CONT are evaluated, and printed out (with blanks in
STATE, SWV, AND VAL). If the STATE or VAL columns are not empty,
the procedure begins again from the original L'T statement, at
statement label START.
b. If columns 12 through 14 are E'L,'no action is taken, and the
Program returns to START. R
¢. If columns 12 through 14 are O'E, an error has occurred in the
input, and the program terminates.
d. BE'M or END in columns 12 through 14 indicate the last card of
the input, and the word END is printed out and the progren

terninates.



€. Any other characters in columns 12 through 14 causes the
IN3 format to be used to read in deta at statement label RIVH NN
This reads STATE from column 1 through 5, and columns 12 through
29 are read as three 6-character words, from which REG and CONT
are evaluated. Since this is an unconditional stateament, SWV and
VAL are not considered in printing out the format OUT 2,

5. Special conversions. In order to match the output to the CDL

format as closely as possible, several special conversions are made

| in this program:

a. Whenever CONT is R.A.77, this is converted to R{ADDR, both
terms being truncated to six characters for casier manipuiation.
b. Vhenever REG is F and CONT is ((R.A.7, this is printed out by
a special pair of formats, FI end FO, into its original terms,
with the transfer operator omitted but always implied:
F(I) <R (OP), and F(0) <oO.
c. Whenever column 12 contains M, this indicates the store
instruction, and REG becomes M(C).

6. Output. The output from this program, printed according to the

formats described above, is shown in Appendix E. When punched ci.o

cards, it becomes the input data for the next program.

B. TRUTH TABLES
. b

1. BExecutive Program. This program reads in the data consecutively,
and stores it into five vectors, corresponding to the five input
variables generated by the previous program: STATE, SWV, VAL, REG,
and CONT. Where parallel operations occur, the corresponding values

of STATE, SWV, and VAL are carried through for each operation. The




"loading” loop is terminated whon tke END card is reached.

2, F (Control) Register progrem (FPAB). This program is an externsl

function of the above executive program, and is the first one executed
after the "loading" loop is terminated. It searches the input vector,
and performs operations only when the "character" value of REG is
F or F(I). For each operation, the subscript of K stored in STATE is
evaluated as a two digit octal number, and is converted to four binary
bits, X(0) through X(3), corresponding to each flip-flop of the F
register. The succeeding operations, determined by whether REG is F
or F(I), are:
a. When REG equels F, the column headings are printed according
to format HEADl. The starting values of F(0) through F(3) have
already been determined, while the value of suv, YY, is
determined from VAL. The final values of the F-bits, Z(0) through
Z(3), are computed by converting the two digit octal value of CONT
to binary form. These are printed out by format OUT1,
b. When REG equals F(I), the column headings are printed
according to format HEAD, including the three bits R(0) through
R(2). The starting values of the F-bits have already been
determined, the finel value of F(O), 22, is set to 0, and the final
values of F(1) through F(3) are determined by the starting values
R(0) through R(2), computed as Y(1),through Y(3). These are
computed by naming a new variable, ROP, and converting its value
into three binary bits. The entire process is repeated six times,
as the value of ROP varies from O to 5, corresponding to the
instruction repertoire of this computer. These values are printed

out by the format OUT2.
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¢. In both of the above cases, the output is in the form of a
one-line truth table for each set of column headings.

3. Accumulator procrsm (ATAB). This program, or external function,

generates three separate types of truth tables, according to the
value of CONT., 1In addition, in the shifting operations, the first
and the last bit operations may differ from the other bits. Three
sets of truth tables must therefore be generated; for the first bit,
4(0), the last bit, A(8) (4 is assumed as nine-bits by the CDL decle-
ration), and a representative bit, 4(I), where I will vary from 1 %o
7.

a. If CONT equels O, this is a cleer operation, and requires a
one-variable truth table. The column headings, defined in the
brogram, are printed according to format CLR, and the values are
generated and printed by the external function PRNT1.(BB), where
the final value of the variable, BB, is declared as O,

b. If CONT equals "SHRA.(" or "CIRL.(" (truncated to six
characters), this is a two variable, or transfer, truth teble,
with ihe final value of the first variable being the starting
value of the second variable. The column headings, determined by
the direction of the shift, and defined in the program, are
printed according to the format TRF. The values are computed and
printed by the external function PRNTR,(BB).

¢. If CONT equals "ADD.(A" or "SUB.(A", this calls for a truth
table of three input variables (A,R, and the carry bit, B) end
two output veriables, (A and B). This section of the program
sets two boolean variables, AY and AX, as switches, to determine

whether the operation is addition or subtraction, (AX), and to
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determine if the 4(0) table is being generated, (AY), in which
case the carry output column is suppressed. The column neadings
are printed according to format ADSUB, and the values are gener-
ated and printed by the external function PAS.(4X,AY). This
function performs full binary addition or subtraction, according

to AX, generating a final value of A and a carry bit.

4. Operation counter §D2 register program SDTABZ. This external

function generates three types of truth tables:

5.

a. When CONT equals 0, the column headings, as defined in the
program, are printed out by format CLR, and the values by external
function PRNT1.(BB), with BB declared as O.

b. When CONT equals "R(ADDR", the columﬁ headings are printed

by format TRF, and the values by external function PRuT2.(BB).

c¢. When CONT equals UCOUNT, this is a six-bit counter truth
table, with the column headings printed by format HEADD1, and

the values computed and printed by external function PCNT.(4Z).

Memory address (C) register progrem (CTAB). In this external

program, two types of truth tables are generated:

6.

a. When CONT equals O, column headings, defined in the program,
are printed according to format CLR. PRNT1. (BB) generates a onc
variable truth table with BB declared as O.

b. When CONT equals "D" or "R(ADDR",® this is a transfer operation.
Column headings are printed according to format TRF, and a two
variable truth table is generated by PRNT2.(BB).

Start/Stop flip-flop (G) program (GTAB). This register, or flip-

flop, requires only one-variable truth tables generated by PRNT1.(BB).

BB is declared as the final value of G, after the operation.
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7. Buffer (R) rezister and memory prozrams (RTAB and ¥ZMTAB). These

truth tables are of the transfer, or two variable, variety. The mezory
truth table describes a representative bit, where the column is desiz-
nated by I, a representative index varying from O to 8, and the row is
designated by C, where C is undetermined, but represents the value of
the memory address register, C.

8. Additional comments. In each of the above functions, except for
FTAB, the input vectors are searched sequentially, by a loop, and the
external function is executed only when the value of REG is equal to
the applicable register. At this point, STATE and SWV (previously
complemsnted if VAL =0), are evaluated and printed out by format
HEAD2. Thus, before each truth table (or tables, in the case of the
accunulator), the control signal and conditional variable are printed.
9. Output. The output of this program is a series of truth tables,
as shown in Appendix G, which are used as data for the next progream

portion.




SECTION IV: BOOLEAN EQUATION GENERATION
A. BOOLEAN EXPREZSSIONS

This program generates the boolean expressions for each register bit,
using JK flip-flops. The executive, or main, program will be discussed
in three separate parts, followed by the external functions utilized.
1. ZExecutive program (I}. The input to the executive program is the
output of the Truth Table Generation program, previously discussed.

FYor this portion, the input format INl reads the command signal, or
K-terminal signal (STATE), the four bits of the register, (F(0) through
F(3)), and three possible switching, or conditional variables, (SWv(0)
through SWV(2)). The next format reads the initisl value of the F-bits
(F(0) through F(3)), the value of the switching variable, or varisbles,
(v(0) through V(2)), and the final value of the F-bits (FN(O) through
FN(3)). Then the boolean expressions are generated by the external
function VBLF.(NX), where NX is a dummy variable of no consequence,

for calling purposes only. This procedure is repeated until REG(0)

is no longer F(0).

2. Executive program (II)., The first card for this program is read

according to format STS, at statement label NEXT, to evaluate the
commend signal, (STATE), and the conditioaal variable (SWV(0)) for the
following operation. The next card is tested according to format
DREG, to look for the counter operation. If this should occur, by the
fact that DX(2) is equal to "D(2)", the card is read by the format
DREG. The counter boolean expressions are generated by external

function PCNTR.(NX). When control returns to the executive progran,

23



24

a2 transfer is made back to statement label NEXT.

5. Executive nrogran (III}. If, by the DREG format test, DX(2) is

not equal to "D(2)", the card is resd by format RGSTR, et statenent
label A3. This format reads five possible column headings for the
truth table. B(2), the third input column, is tested, and if it is
not blank, an addition or subtraction truth table follows. The
boolean expressions are generated by the external function VBL32.(¥X).
If B(2) is blank, B(0) is then tested. A blank in B(0) will call
VBLl.(NX), while no blank will call VBLZ.(NX), which read one~ and
two-variable truth tebles respectively. Upon return to the executive
program, the column headings are tested to determine if 4(0) or a(I)
truth tables have been generated. If so, the program transfers back
to A3, where the next card is read according to format RGSTR. If the
column headings indicate A(B) truth tables have been generated, this
means that a new command signal (STATE) will be involved, and transfer
is made to NEXT to read the next card by format STS. 'When all the
input cards have been read, the program terminates.

4. F-register boolean expression generator (VBLF). This external
function has access, through PROGRAM COMMON, to the values read in to
STATE, REG(0)...REG(3), sWv(0)...s0v(2), F(0)...F(3), V(0)...V(3), and
Fi¥(0)...FN(3). The variable names in SWV(0) through SWV(2) are comple~
mented with a "prime" (') if the correspohding V(0) through V(2) is O.
The initial and final values of the register bits are compared consecu~-
tively, for any change of state. If STATE is K(12), a special
subroutine is involved, since F(0) always changes from 1 to O, and the
other bits change according to the corresponding value of R(0) through

R(2). Otherwise, the register bit is determined (REG), the appropriste
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flip-flop terminal involved (BSIT), the command signal (STATE), and the
switching variable (SWV). The voolean expressions are printed out by
formats OUT and OUTO, and control is returned to the executive prograz.

5. One-varisble truth table SVBLl.}. This program reads the one-

variable truth table as follows:

a. The command signal (STATEZ), the conditional variable (SWV),
and the variable table heading (B(1)), are available by PROGRAI
COMHON,

b. The starting and final velues are read in for each row (two
rows in this case) by format VALl, and the two values compared.
If an expression is to be generated, J or K is determined, and
the "prime" symbol ('), if required, is generated.

c. If B(1) is "C(I)" or "D(I)", six sets of expressions are
generated, with the representative index, I, becoming the
indices O through 5. If B(1) is "A(I)", the expressions for
A(1) through A(7) are generated. Otherwise, a single set of
expressions is generated for the column heading involved.

d. If SWV is empty, the expressions are compressed and printed
out by format OUT1l, otherwise they &re printed out by format OUT.

6. Two-variable truth table (VBL2.2. The procedures here are similar

[4

to those for VBLl., with STATE, SWV, 3(0), and B(1) as PROGRAM COMION,
except for the following: b
a. The values corresponding B(0), B(1) and B(3) are read in by
format VAL2, for each of the four rows, as X, Y, and Z.
b. The index in column B(l), now the second, or independent
variable, may be indexed with a representative arithmetic

expression such as: A(I-1), A(I+1), or R(I+3). 1In this case, as
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I is incremented in the same way as in VBLl., the arithmetic
indices are also evaluated accordingly.
c. If B(0) is "M(C,I)", this requires a different format, to
allow for a six chsracter neme in B(0). Additionally, es before,
compressed formats are required if SWV is blank. Conseqguently,
there are four output formats: O0OUT4, OUTU4(compressed),
OUT6(six characters in B(0)), and OUTU6(compressed.).
7. Addition/subtraction truth tables (VBL32.). This program reads
truth tables with three inputs and two outputs. STATE, and B(0)
through B(4) are PROGRAM COMMON (there is no SWV for these tables).
Procedures are as follows: _
a. The values of B(0) through B(4) are read in by format VAL3,
as V(0) through V(4).
b. The J or K signal is determined by comparing the values of
v(0) and V(3).
c. The complement symbol, or "prime" ('), is introduced for
B(0), B(1), and B(2), when the corresponding V is O.
d. If B(0) is equal to "A(0)" or "A(8)" the boolean expression is
printed out by format OUTA.
e. If B(0O) is equal to "A(I)", seven boolean expressions, with
numerical indices, are printed out, for A(1) through A(7), using
format OUTA, b
f. Whenever B(4) is "B(I-1)", and the V(4) is 1, B(0), B(1), and
B(2), with "primes" where necessary, and with numerical subscripts,
are used to print out the eight boolean expressions for "B(O)"
through "B(7)" (the carry-bits), using format OUTCY. The boolean

expression for "B(8)" is then printed out by format CY8.



8. Counter boolean expressions (PCNTR. ). Since, in this progrez,

pre-detegmined oxpressions will be generated, the 64 truth valuc
cards for the counter truth teble have been extracted from the input,
leaving only the column headings. These character valués are carried
through as DX(0) through DX(11) by PROGRAM COMHON, and the twelve
-boolean expressions (D(0)J through D(5)J, and D(O)K through D(5)XK

are generated by the PCNTR.(NX) external function. Control is then
returned to the main, or executive, progran.

9. QOutput. The output of the boolean expression program is shown in

Appendix I.
B. BOOLEAN EQUATIONS

The executive, or main, program for this portion will be discussed in
two sections, in conjunction with the applicable external functious.
1. Executive program §I}. Reading in the individuel boolean
expressions successively, using format IN, this portion terminates
when the F register expressions have all been read. In the process,
it loads the expressions, according to the loop index, into four
vectors: BIT, STATE, CLOCK, end VAR. It has previously been
Qetermined, by inspection, that oaly one variable, other then the

commend signal, is involved in the F register equations. These
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vectors are declared as PROGRAM COMMON fot ready access by the equation

generating external function, FEQN.(4).

2. ZF-register equation generator (FEQN.(A)). The argument in this,
and all successive equation generating functions, is the index of the
"loading loop". In this function, eight vectors are declared:

F(0)J through F(3)J, and F(O)X through F(3)K. These vectors are
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declared eas rows of an array, or matriz, called F. Zach row has an
index, N(l) through N(8), which keeps track of the next empiy column
position in each matrix row (or vector). The names are loaded into
the first column, and the constant called EQUAL into the second
column. The expressions are first minimized, and duplications are
eliminated. Each expression, in turn, is checked for the corre-~
sponding F matrix row, and the three parts of each expression are
loaded into the vacant rows of the appropriate vector, preceded by

the constant called PLUS for all but the first expression. Each
vector thus becomes a complete boolean equation. In addition, for

the command signal POWER, the J terminal of each flip-flop is grounded,
setting the flip-flop to 1. Thus, POWER is added as the last term of
each J equation. The equations are printed out, using the format EQNS.
5. Ezecutive program QIIE. This portion reads in the succeeding
boolean expressions, already arranged by registers. BEach expression
is loaded and packed by the external function LOAD.(-,T), the missing
argument being the index used in each successive "loading loop". The
argument T 1s necessary in the case of the memory equations, where

the flip-flop terminal name is a seven-character name, M(C,I)J or
4(C,I)X, which exceeds the storage capacity of one I8H 7094 memory
word. Thus, in this unique set of expressions, T is used to store

the J or K indicator. Using the L'T IN:procedure, the first letter of
the expression name is checked, and each "loading loop" is terminated
when this letter changes. After each termination, the appropriate
external function is executed to generate the boolean equations for
that register. After all equations have been generated, the program

terminates.
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4. Loading function (LOAD.(X,T)). Using the arguments as deseribed

above, this program first determines which read format to use, and
reads in the boolean expression as the expression name, JK, and then
forty two single characters, VX(0) through VX(41). These characters
are compressed to eliminate blank characters, and loaded, with
trailing blanks, into a seven-word vector, VY, by the external
function CMPCK.(VX,VY). This vector is then loaded sequentislly into
a single column of a seven-row matrix, Y, the particular column being
determined by the index generated in the executive program. Control
is then returned to the executive program.

5. G-register equation generator (GEQN.(B)). This function defines

a two-row matrix, each row being one of the G equatiouns, G(O)J or
G(O)K. The name is loaded into the first column, and EQUAL into the
second column. Two indices, NG(1) and NG(2) keep track of the next
enpty column in each row. The vector, BIT, and matrix, Y, are
scanned sequentially by columns, and BIT is matched with the first
column of G, to determine the corresponding row. The same packing
procedure is again used as in ?EQN. Hawever, POWER and START generate
independent signals to the K and J terminals respectively, and are
%oaded as complete expressions, ignoring whatever else may have been
included by the input expression. The two rows are then printed out
according to format OUT. The results are the booleaﬁ equations.

6. Memory-word equation generator (MEQN.(X,T)). This function uses
the second argument, T, to store the J or K of the boolean expression
name, as has been explained in regard to LOAD(-,T) above. Otherwise,
the equation packing procedures are the same as in FEQN. The matrix

is M, the row index vector is NM, and the output format is OUTI.
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7. D-register equetion generator (DECH.(X,T7)). In the other

registers, five memory words serve to store the entire boolean
expression. Hence, only the first five components of the Y matrix
column are loaded into the equation matrix row, while the other two
components are ignored. In the D register, however, the D(O) countexr
expression requires the full seven words. Conseguently, all seven Y
components are loadéd into the equation matrix row. Here the equation
matrix is D, the indicator vector is ND, and the output format is QUTD.
The first column of D, which has twelve rows, is leaded by inserting
the index, O through 5, into the parentheses of the words “B(0)J" aznd
"D(0)K" respectively, using a shifting of the index and a logical-or

operation.

8. C-rezister equetion generator (CECH.(B)). The loading procedure

in this fﬁnction, including the equation name generation, is identical
to the procedure for DEQN., except that only five components of Y are
used. The matrix is C, twelve rows in size, the index vector is NC,
and the output format is again OUT.

9. R-register equation generétor (REQN-(X}}. The matrix for this
function is R; the indices are NR(l) and NR(Z); the row, or eguation
names are R(I)J and R(I)K, and the output format is OUT. The

" procedures are in all respects similar to GEQN, except that the entire
contents of BIT are matched to deterﬁine‘the appropriate row for
loading.

10. A-register equation generator fAEQN.(X}}. This function, in -

addition to generating the JK flip-flop equations for the A register,

also generates carry-bit (B) equations for the addition and subtraction

operations. The A matrix is defined with 18 rows: A(0)J through A(8)J,
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and A(O)K through A(8)K. For format purposes, the indices are printed
as decimal vice octal integers. For the carry bits, a B matrix is
defined of nine rows, B(O) through B(8). The row, or equation, nanmes
are loaded using the same process as for DiQN. The BIT vector and Y
matrix are read in sequentially by columns. BIT is compared to the
twenty-seven row names to determine the appropriate equation rcw, and
the expression is loaded into the row, according to the correspoanding
indicator, NA or NB. This is repeated until BIT and Y have been
completely unloaded. Control is returned to the main program, which
then terminates.

11, Error return. In each of the equation generating programs, an
error return is exscuted whenever there is no match between BIT znd
the matrix row names for that program. Ideally this should never
occur, but it serves to terminate the program early if one of the
input cards should be out of seguence, and this was not detected in
the main program.

12. Qutput. The output for this program is shown in Appendix X, and

is the boolean translation of the original CDL description.



APPENDIX A

DESCRIPTION OF A SINMPLE DIGITAL COMPUTER USING

CHU'S COMPUTER DESIGN LANGUAGE

COMMENT BRGIN THIS IS THE DESCRIPTION OF THE FIRST

VERSIOK OF A DESIGN OF A SIMPLE STORED PROGRAN DIGITAL
COMPUTER FOR THE PURPOSE OF ILLUSTRATING CHU'S CONMPUTZR
DESIGN LANGUAGE. THE NINE-BIT INSTRUCTION FORMAT COKSISTS
OF 4 THREE-BIT OP CODE AND A SIX~BIT ADDRESS FIELD.

THERE ARE NINE INSTRUCTIONS: ADD, SUBTRACT, CONDITIONAL
TRANSFER, UNCONDITIONAL TRANSFER, STORE ACCUMULATOR,

SHIFT LEFT, SHIFT RIGHT, CLEAR ACCUMULATOR, AND STOP.

THE SEQUENCING IS CONTROLLED BY OPERATION COUNTER F.
START-STOP IS CONTROLLED BY FLIPFLOP G. END

REQISTER R(0-10); F(0-3); 4(0-10); ¢(0-5); &(0); D(0-5).

SUBREGISTER R(OP)=R(0-2); R(ADDR)zR(3-10); F(I):F(1-3).

MEMORY M(C)=M(0-77, 0-10).

DECODER K(0-17)sF.

SWITCH PPWER(PN,4FF); START(ZN,dFF)

CLOCK P

COMMENT BEGIN THE FOLLOVING STATEWENT WITH LABEL POWER(OXN)
INDICATES WHAT HAPPENS WHEN POVER SWITCE IS TURNED ON

AND THAT WITH LABEL START(ON) INDICATES WHAT HAPPENS

WHEN THE 'OPERATOR NEXT TURNS ON THE START SWITCH. ZND
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POVER(ON):

START(ON):

K(17)*p:

K(06)*Pp:

K(12)*Pp:
K(00)*P:
K(10)*P:
K(01)*P:
K(11)%P:
K(04)*P:

K(02)*p:

K(03)*Pp:

" K(05)*P:

’

K(13)*p:
K(14)*P:
K(15)*P:

K(16)*P:

F<17; G=<0.

G -<1,

IF G=0 THEN BEGIIl C~~0; D~~0 =X
IF G=1 THEY BEGIN F <6,

R<N(C); D count +1;

IF G=0 THEN F-—17;

IF G=1 THEN F <12,

F(I)<-R(OP); C~—R(ADDR); F(O) 0.
R<H(C); F <10,

A<—A4 add R; F <13,

R<-M(C); F=—11,

A=A sub R; F<—13,

D<—R(ADDR); F «13.

- IF A(0)=0 THEN F<—13 END;

IF A(0)=1 THEN BEGIN D <R(ADDR); F=—13 END.-

M(C) ~4A; F <13,

IF ¢(3)=1 THEN BEGIN F<17; G<0 END;

IF ¢(2)=1 THEN F-16;

IF ¢(1)=1 THEN F=—15;

IF c(0)=1 THEK F -—14.
C<D; F<6.

A -1 shr A; 1‘5'"<—Z!.3. o
A <1 cirl A; F=<13.

A< Q3 F <13,

EYD



BEGIN

POWER

START

APPENDIX B

SIMULATION PROGRAM

R COMPUTER SIMULATION, SEQUENCING CHECK

R DECLARATIONS

R REGISTERS - A(0=8)sC(0-5)3D(0~5)sR(0~8)sF(0=-3),G(0)

R SUBREGISTERS = R(OP) = R(0=~2)

R R(ADDR) = R(3-8)

R FeI) = F(1=-3)

R MEMORY - M(C) = M(0-63,0~8)

R DECODER =~ K(0=-17K) (NOTE = IN MAD LANGUAGEs K AFTER
R A DIGIT INDICATES AN OCTAL

R NUMBERs WHILE NO LETTER SUFFIX
R INDICATES A DECIMAL NUMRFR)

R CLOCK - P

R SWITCHES - POWER(ON/OFF)s START(ON/OFF)

R PROGRAM BEGINS HERE

NORMAL MODE 1S INTEGER
PROGRAM COMMON GsCsDsRsFyA
STATEMENT LABEL KeWAIT

D'N K(15)9sM(63)

P=0

READ AND PRINT DATA

PRINT COMMENT $1 COMPUTER SIMULATIONs SFQUENCING
1CHECKS

PRINT COMMENT $0 (ALL REGISTER CONTENTS ARF OCT
1AL)S :

P*T HEAD

PRINT COMMENT $0 POWER ONS
PRINT COMMENT ¢ $ :

Rx*%%x% BEGINNING OF OPERATION SEQUENCF

F=17K

G=0
PRINT«(P)
CLOCK s (FsK)

G=1
PRINT«(P)
CLOCK« (FoK)



K(17K) W!'R GeEWsO
C=0
D=0
O'R GeEsl
F=6K
E'L

PRINT«(PsWAIT)
CLOCK e (FsK)

K(06K) R=M(C)
D=UCOUNT. (D)
WIR GeE,O
F=17K
O'R GeEel
F=12K
'L
PRINT.(P)
CLOCK+ (FsK)

K(12K) C=ReAe77K
F=( (R0A0700K}'R506’0A07K
PRINT«(P)
CLOCKe (FoK)

K(00K) R=M(C)
F=10K
PRINT«(P)
CLOCK e (F oK)

K{10K) A=ADDe (A9R)
F=13K
PRINTS(P)
CLOCKe (FsK)

K(01K) R=M(C)
F=11K
PRINT«(P)
CLOCK« (FsK)

K(11K) A=SUBs (AsR)
F=13K
PRINT«(P)
CLOCK e (FsK)

K(04K) D=ReAs77K
F=13K
PRINT.(P)
CLOCK e (FsK)

K(02K) F=13K
WI'R (AeAe400K)eNE4Os D=ResAs77K
PRINT.(P)
CLOCK .« (FsK)



K(03K)

K(05K)

K(13K)

K(14K)

K(15K)

K({16K)

WAIT

M{C)=A
F=13K
PRINT. (P)
CLOCK« (FsK)

WIR (CeAetK)eNE.D

G=0
F=17K

O'R (CeAel0K)eNEWO

F=16K

O'R (CeAa20K)eNELO

F=15K

O'R (CeAe40K)aNEWO

F=14K
Er'L
PRINT« (P)
CLOCK e (FyK)

C=D

F=6K
PRINT.(P)
CLOCK e (FsK)

A=SHRA.(A)
F=13K
PRINT(P)
CLOCKe (FoK)

A=CIRL&(A)
F=13K
PRINT.(P)
CLOCK e (FsK)

A=0

F=13K
PRINT« (P)
CLOCK e (FsK)

R¥#%#%% SIMULATE CYCLING WITH G EQUAL 0

W'R Pele5

PRINT COMMENT $0
PRINT COMMENT % %
T*O START

O'E

PRINT COMMENT $0

Er'L

V'S HEAD=%$1HO0+S5+5HCLOCK/1H

STARTS

STOPS

95595HPULSEsSB8sSHSTATEIS991HGY S4

11HC 9S4 91HD sS4 91HR S5 1HF sS4 s 1HAXS

END OF PROGRAM



EXTERNAL FUNCTION (X)
NORMAL MODE 1S INTEGER
ENTRY TO SHRA.
R¥%%%#% ARITHMETIC RIGHT SHIFT
Y = XeAe400K
Z = XeRSel
X =Y + 2
FUNCTION RETURN
ENTRY TO CIRL.
R¥%%%% CIRCULATING LEFT SHIFT

Y = XeAe400K
Z = (XeLSel)eAs777K
X = Z + (YeRS48)

FUNCTION RETURN

ENTRY TO UCOUNT.
R¥x*%% INCREMENT COUNTER
X=X+1

FUNCTION RETURN

END OF FUNCTION

EXTERNAL FUNCTION (X,Y)
NORMAL MODE 1S INTEGER
ENTRY TO SuB.
R *%%#%%(SUBTRACTION BY ADDITION OF 2'S COMPLEMENT)

V = (YeEVeT777K) + 1K
W = X+V
X = WeAe7T77K

FUNCTION RETURN
ENTRY TO ADD.
R¥%%%%ADDITION

Z = X+Y

X = ZeAe777K
FUNCTION RETURN
END OF FUNCTION



EXTERNAL FUNCTION CLOCK.(F,sK)

R¥*%%x% SIMULATE ACTIVATION NEXT COMMAND SIGNAL

INTEGER F
STATEMENT LABEL K
TIO K(F)

E'N

EXTERNAL FUNCTION PRINT.(P}

R¥%%%% PRINT OUT OCTAL CONTENTS OF REGISTERS

N*S INTEGER
PROGRAM COMMON GsCsDsRsFyA
P=P+1
P!'T RESULTsPsGsCsDsRsFsA
W'R F.EO17KoAND.G.EOOOANDOC.ECOOANDODOEOO
ERROR RETURN
O'E
P'T STATEF
F'N
EeL
V¢S RESULT=%1H 95691295244K19539K29539K294533K39539K25534K3%%
VIS STATE=51H++,S51841HKsK2*$

E'N

$DATA

M(0) = 510K
M(1) = 700K
M(2) = 171K
M{3) = 312K
M(4) = 540K
M(5) = 520K
M(6) = 410K
M(8) = 277K
M(9) = 504K
M(56) = 376K
M(57) = 156K
M(63) = 400K#*




CLOCK
PULSE

COMPUTER SIMULATION,

(ALL REGISTER CONTENTS ARE JCTAL)

STATE

POWER ON

K17

START

K17
K06
K12
<05
K16
<13
K06
<12
<00
<10
K13
<06
12
<01
K11
13
<06
K12
<03
<13
<06
(12
<05
{14
(13
K06
(12
K05
K15
K13
K06
<12
K04
<13
K06
12
K02
13
K06
(12
K05
K17

STOP

SEQUENCING CHECK

o

© O M o s e e e e et e e et et et et et et e et et e et e et et b e e et e et e e e e e e et e e

71
00

00
00
00
10
10
10
01
ol
70
70
70
02
02
71
71
71
03
03
12
12
04
04
40
40
40
05
05

20

20
20
06
06
10
10
10
10
77
T7
11
11
D4
04
00

71
00

00
00
0l
01
0l
01
01
02
02
02
02
02
03
03
03
03
03
04
04
04
04
05
05
05
05
05
06
06
06
06
06
07
07
10
10
11
11
11
11
12
12
12
00

171
171

T71
771
510
510
510
510
510
070
07d
376
376
376
171
171
155
156
155
312
312
312
312
54)
540
540
540
540
520
529
520
520
520
410
410
410
410
217
2717
277
217
504
504
504
504

17
17

17
06
12
05
16
13
06
12
00
10
13
06
12
01
11
13
06
12
03
13
06
12
05
14
13
06
12
05
15
13
06
12
04
13
06
12
02
13
06
12
05
17
17

771
771

171
771
771
771
771
000
000
000
000
000
376

376

376
376
376
220
220
220
220
220
220
220
220
220
110
110
110
110
110
220
220
220
220
220
220
220
220
220
220
220
220
220
220



START

CON

APPENDIX D
TABULATION PROGRAM

N*S INTEGER
D'N VI(3)sW(1)
L*T IN1sSTATESCONDsV(O)eeoV(3)

R¥¥¥%% TEST FOR CONDITIONAL STATEMENT

W'R CONDeE«SW!'REsOReCONDGF.30'RS
T'0O CON

R¥%%%x% TEST FOR END OF CONDITIONAL

O'R CONDELSE'LS
R'T IN1
T'O START

R¥%%%% TEST FOR ILLEGAL CONDITIONAL STATEMENT

O'R CONDCELSO'ES
T*O ERROR

R¥%%%% TEST FOR END OF PROGRAM

O'R CONDSEeSENDI¢OReCONDWFoSFIMS
T*0O FINIS

O'E
T*O NOCON

EeL

R¥%xx%x READ CONDITIONAL STATEMENT
R*T IN1sSTATESCONDsV(O)eeeV(3)
WI'R STATEeE«SPOWERSeOReSTATE4EeSSTARTS4OReSTATEeE oS
'
orE C'E
R¥xx%x FLIMINATE K FROM STATEMENT LABFL

STATE=(STATE«AL77TTT7777K4) «Ve$000N0) $
E'L

R¥**%% TEST FOR G AND POSITION FOR COLUMN HEAbING
WIR (V(0)eAe77K10)eE<$SG00000S

SWv=% G §
VAL=V(0)elLSe24




GO

RE®x*x%x TEST FOR A(0O) AND CONDITIONAL JumpP

O'R (V(0)eAeT7T7K8)eEeS0A0000S

SWV=%A(0)%

VAL=%1%

W'R v(3).E.$=R.AO7$
REG=(V(2)0L5030)0V0$0 %
CONT=$R(ADDRS

o't
T'O GO

EfL

P'T OUTsSTATEsSWVsVAL sREGCONT

PUNCH FORMAT OUTsSTATE,SWVsVALsREGsCONT
T*O START

R*%%%¥% TEST FOR C-BIT CONDITIONALS

O'R (V(0)eAeT77K8)eEe$S0C0000S
W'R (V(l).A.77K10)oE.$KOOOOO$.AND.(V(O)vo??K)oE.4
SWV=%C(3)%
O'R (V(1)eAeT7777K8)eFE.$0K0O00S
WIR (V(0)eAe7T7K) eEWl
SWV=%C(2)%
O'R (V(0)eAe77K)eEW?2
SWvV=s$C(1) %
O'R (V(0)eAe77K)eEot
SWV=$C(0)%
O'E
T*O ERROR
E'L
ErL
VAL=%1%
ErL
L'T IN1sSXsCXsVI(O)eaaVI(3)

R¥%%%% TEST FOR NEXT CONDITIONAL OR COMMAND SIGNAL
W'R SXONE.$ $.ORQCXONE.$ 59 T'O START
RY'T IN1sSXeCXsVI(0)eeaV(3)
REG=(V(0)eAeT77K10)eVe30 %
CONT=(V(0).LS.12).V.(V(l).RS.ZlH

R¥®®%%% RIGHT ADJUST OCTAL VALUFE OF F

W'R REGeE«3FSosAND e (CONT4ALT77K8) o Eo50K0000%

CONT=((CONTeAe77K10)eRSe6) Ve300 %
O'R REGeE«SFSeAND o (CONT4A277K6) «EeS00K000S
CONT=(CONToAe7777K8)eVe$00 $

E'L
P'T OUTsSTATEsSWVsVALSREGsCONT
PUNCH FORMAT OUTsSTATEsSWVsVALsREGsCONT




R¥¥%¥x% CLEAR 'STATE'stSWV!,tVAL!' IF MULTIPLE PARALLFEL

R OPERATIONS*%%%%
STATE=$ ]

Swv=% $

VAL=% $

T'0 GO

Re#%%% READ UNCONDITIONAL OPERATIONS

NOCON RY'T IN3sSTATEsW(O)sWI(1)
W'R STATE«EeSPOWERSeOReSTATEeF eSSTARTSeOReSTATE oE oS
C'E
O'E
STATE=(STATE«A«7T7TTT777K4)4Ve$S0000) $
ErL
REG=(W(0)eAe77K10)eVe$0 $

CONT=(W(0)elSel2)aVel(W(1)eRSe24)
Rex¥*%% TEST FOR R(ADDR) TRANSFER TO C OR D
W!R CONTeEeSReAe7789 CONT=SR(ADDRS
R*#*%#%% TEST FOR R(OP) TRANSFER TO F
WIR REGeEeSFSeANDeCONTeEeS((ReALS
P'T FOsSTATE
PUNCH FORMAT FOsSTATE
P'T FIJSTATE
PUNCH FORMAT FIsSTATE
T*O START
R¥%%%% RIGHT ADJUST OCTAL VALUE OF F

O'R REGeE«3F3.ANDs (CONToAs77K8)¢eEL$0KO000S

CONT=((CONTeAe77K10)eRSeb6)eVe300 $
O'R REGeE«3F3eAND (CONToAsTTKE)eE4$00KO00S
CONT=(CONTeA«7777K8)eVe$00 $

R¥*%%% TEST FOR STORE

O'R REGeEs$M$
REG=$M(C)$
CONT=%AS%
E'L
P*T OUT2sSTATEsREGsCONT
PUNCH FORMAT OUT2sSTATEsREGCONT
T*'O START




ERROR

FINIS

END

PRINT COMMENT $0 ERRORS
T*O END

P'T FINAL
PUNCH FORMAT FINAL

VIS IN1 = $C59S569C39S144C6%%
VIS IN3 = $C549S692C6%*%
V'S OUT = $1H 9C59$69C4,52’C1’56’C4952’C6*$

VIS OUT2 = $1H 9C595194C44S2,C6*S

VIS FO = $1H 9C5sS199s7THF(0O) 0O*%

V'S FI = $1H 4C59519921HF (1) R(OP)*$
V'S FINAL = $1H +S11,3HEND*S

E'M




$DATA
POWER

F
G
START G
K(17K) W

D=0
O'R GeEel
F=6K
E'L
K{06K) R=M(C)
D=UCOUNT. (D)
W!R GeEeO
F=17K
O'R GeEoWl
F=12K
EsL
K(IZK) C=R.Ao77K
F=((R.A.7OOK).RS.6’OAO7K
K(00K) R=M(C)
F=10K
K{10K) A=ADDe (A9R)
F=13K
K(01K) R=M(C)
F=11K
K(11K) A=SUBe(AR)
F=13K
K(04K) D=ReAs 77K
F=13K
K(02K) F=13K
W'R (AeAe400K)eNELOs D=RoAsT7K
K(03K) MIC)=A
F=13K
K(05K) WI'R (CeAe4K)eNELO
G=0
F=17K
O'R (CeAelOK)eNEWO
F=16K
O'R (CeAe20K)eNELO
F=15K
O'R (CeAet0K)eNEWO
F=14K
EvL
K(13K) C=D
F=6K
K14k A=SHRA,. (A)
F=13K
K{15K) A=CIRL«(A)
F=13K
K(16K) A=0
F=13K
END OF PROGRAM



APPENDIX F

TABULATION PROGRAM OUTPUT

POWER 17

0
1
0
o]
06
MIC)
UCOUNT
17
12
R(ADDR
F(0) O
F(I) R(OP)
M(C)
10
ADDs (A
13
M(C)
11
SURe (A
13
R(ADDR
13
13
R(ADDR
(C) A
13
0
17
16
15
14
D
06 :
SHRA. (
13
CIRLS
13
0
13

START
K(17) G 0

K(06)

(]
[y
AMMOoO20oTONHOO"N

K(12)

K(00)
K(10)
K{(01)
K(11)
K(04)
K(02)
A(oy 1
K(03)
K(05) c(3) 1
ct2)

c(1)
c(o)

P

K(13)
K(14)
K{15)

K(16)

MP>PAP>PAPAAMTATANAOMIONTMON> TV NMD>TO

END



START

L1
EXIT

N*'S INTEGER

APPENDIX F

TRUTH TABLE PROGRAM

D'N STATE(100) sSWV(100)sVAL(100)sREG(100)sCONT(100)
PROGRAM COMMON STATEsSWVsVALsREGsCONT
PI'N CLR(2)sTRF(3)sHEAD2(2)

T'H Llsy FOR I=1s1p

[eGe100

RY'T INsSTATE(I)sSWVII)sVALLTI)4REG(I)9CONT(T)

W'R SWVI(I)eE<SEND $»

T*O EXIT

R¥x%%% REPEAT 'STATE's!'SWVISAND'VAL's WHERE APPLICABLFE,
R FOR ALL TRANSFER OPERATIONS**% %%

W'R STATE(1)eEe$
W'R STATE(I)eEeS
W!'R STATE(I)eEeS

C'E

PRINT COMMENT
FTAB. (1)
PRINT COMMENT
GTAB. (1)
PRINTY COMMENT
CTAB. (1)
PRINT COMMENT
DTAB. (1)
PRINT COMMENT
RTAB. (1)
PRINT COMMENT
MEMTAB. (1)
PRINT COMMENT
ATAB« (1)

$1

51

$1

$1

$1

$1

$1

$¢ANDeSWVI(I)eEeS $s SWVI(I)=SwVI(I-1)
$oANDaVAL(T)eEeS Sy VAL(I)=VAL(I-1)

$s STATE(I)=STATE(1-1)

F-REGISTFR TRUTH TABLESS

G-REGISTER TRUTH TABLESS

C-REGISTER TRUTH TABLESS

D-REGISTER TRUTH TABLESS

R-REGISTER TRUTH TABLESS

MEMORY TRUTH TABLESS

A-REGISTER TRUTH TABLESS

VIS IN = $S19C59569C49529C19569C49S2,CE*S
VIS HEAD2 = $1HOsC5+S259C5%%

V'S CLR
V'S TRF
E'M

nnu

$1HOS15+C49S531,C4rs
$1HO09S59C69549C695299CH%S



L3

EXTERNAL FUNCTION FTABe(1}

R¥%%x% GENERATE ONE LINE F-REGISTER TRUTH TABLES

N'S INTEGER
PROGRAM COMMON STATE,SWVsVALSREGsCONT

D'N STATE(IOO)oSWV(lOO)oVAL(lOO)QREG(IOO)'CONT(IOO)
D'N X(3)sY(3)42(3)

T'H L2y FOR J=1s1y JeGol-1
R*%*%% TEST FOR END OF F OPERATIONS

W!R REG(J)eNELSF $oANDeREG(J)eNEeSF(1)8y T1O L2
W'R STATE(J) ¢E«SPOWERS+ORWSTATE(J)eEoSSTARTS,s T'0 L2

R¥x%%# CONVERT STARTING OCTAL VALUE OF F TO BINARY

X(O0)=({STATE(J)eAe1K6E)eRSe18
X(1)=(STATE(J)eAet4Kbt) esRSe 14
X{(2)=(STATE(J)eAe2K4)eRSe13
X(3)=(STATE(J)eAelK4)eRSe12

R¥*%*%#%% TEST FOR R(OP) TRANSFER TO F
WIR REG(J)eELSF(INS

T'H L3y FOR K=0s1ly KeGe5
ROP=K

R. *¥%x% SIMULATE 3<«BIT R(OP) TRANSFER TO F
Y(1)=(ROPQA.4K)0R502
Y(2)=(ROPeAe2K)eRSe1
Y(3)=ROP.Ae1lK

R ®EERX F(O) SET TO O
22=0

PUNCH FORMAT HEADs»STATE(J)
P!T HEADsSTATE(J)

PUNCH FORMAT OUT19X(0)eeeX(3)3Y(1)eeeY(3)9Z2sY(1)eeoY(3)

P'T OUT19X(0)eeeX(3)9Y(1)eaeY(3)92Z3Y(1)eeaY(3)
C'E
O'R REG(J)eELSF $

R ¥%x%* READ VALUE OF CONDITIONAL VARIABLE, IF ANY

YY=VAL(J)



R ¥*%%% CONVERT FINAL OCTAL VALUE OF F TO BINARY

Z(0)=(CONT(J)eAe1K10) ¢RSe30
Z(1)=(CONT(J)eAe4KB)eRSe26
Z{2)=(CONT(J)eAe2KB)eRSe?25
Z(3)=(CONT(J)eAe1KB)eRSs 24
PUNCH FORMAT HEAD1sSTATE(J) s SWV{J)
P'T HEAD1sSTATE(J) sSWVI(J)
PUNCH FORMAT OUT2sX(0)eeeX(3)9YY382{0)eoeZ(3)
P'T OUT2sX(0)eeeX(3)3YY9Z2(0)ooeZ(3)
E'L
L2 C'E
F'N
V'S HEAD=$1HO0sC59S5934HFL0) F(1) F(2) F(3) R(O) R(1) R(2),
1S6919HF(0) F(1) F(2) F(3)»$
V'S HEAD1=31HO0sC55S5419HF(0) F(1) F(2) F{(3)9S14C4sS16
119HF(0)Y F(1) F(2) F(3)*$
VIS OUT1=81H 9S51097(52911952)95544(52911+52)*%$

V'S OQUT2=81H »510s4(52911+52)9529C1951794(52511952)%$
E'N



EXTERNAL FUNCTION GTAB.(1)
N*S INTEGER

PROGRAM COMMON STATE,SWVsVAL ¢REGSCONT

D'N STATE(100) sSWVI(100)sVAL(100)sREG(100)sCONT(100)
P'N CLR(2)sTRF(3),HEAD2(2)

GBIT =8 G 3

T'H L4y FOR L=1s1y LeGel=-]

WIR SWV(L)eEeS G $9 SWVI(L)=$S Gs

R¥¥¥x% COMPLEMENT ALL CONDITIONAL VARIABRLFS IF TRUTH VALUFE 0

W'R VAL(L)eEL$0% SWVIL)=(SWVI(L) eAe7T7TTTTT7K4) e Ve$0000"' §
R*¥%%%*% TEST FOR END OF G OPERATIONS

W'R REG(L)eNELSG $, T'0 L4

R¥%%%% PRINT COMMAND SIGNAL AND CONDITIONAL VARIARLF

PUNCH FORMAT HEAD2,STATE(L)sSWVI(L)
P!'T HEAD2sSTATE(L)4SWVI(L)

R*¥%#%% PRINT TRUTH TABLE HEADINGS

PUNCH FORMAT CLRsGBITsGBIT
P'T CLRsGBITSGBIT

R¥x%#% BB 1S FINAL VALUE OF G

BB=0
WI'R CONT(L)eEWS1 $s» BB=1
PRNT1.(BB)
L& C'E
FeN
E*N




Lé

EXTERNAL FUNCTION CTAB.(1)
N*'S INTEGER
PROGRAM COMMON STATE s SWVsVALsREGyCONT

D*N STATE(IOO)9SWV(100);VAL(1007oREG(lOO)’CONT(IOO)
P'N CLR(2)sTRF(3)4HEAD2(2)

R¥#%x%*% DEFINE COLUMN HEADINGS

VIS CBITS = $C(I)S+8DII1)S,$R(1+3)8
T'H L6s FOR N=151y NoeGel-1

R¥%%%* TEST FOR END OF C OPERATIONS

W'R REG(N)eNESSC $s T'0 L6

R*%%%% PRINT COMMAND SIGNAL AND CONDITIONAL VARIABLF

PUNCH FORMAT HEAD2sSTATE(N) s SWV(N)
P'T HEAD2sSTATE(N) s SWVI(N)

Re%%%% TEST FOR CLEAR

W!R CONT(N)eEo$0 $
PUNCH FORMAT CLRsCBITS(0)sCBITS(0)
P'T CLRsCBITS(0)4CBITS(0)
BB=0
PRNT1.(BB)

WI'R CONT(N)eELSD $
PUNCH FORMAT TRFsCBITS(0)sCBITS(1)sCBITS(O)
P'T TRFsCBITS(0)sCBITS(1)sCBITS(O)
O'R CONT(N)+E+SR({ADDRS
PUNCH FORMAT TRFsCBITS(0)sCBITS(2)sCRITS(0)
P'T TRFsCBITS(0)sCBITS(2)3CBITS(0)
O'E
T*O L6
E'L
PRNT2.(AZ)
EvL
CrE
F'N
E*N




L9

EXTERNAL FUNCTION DTABe(1)
N'S INTEGER
PROGRAM COMMON STATEsSWVsVALSREGCONT

D*N STATE(100) »SWV(100)sVAL(100)sREG(100)sCONT(100)
PI'N CLR(2)sTRF(3)4sHEAD2(2)

R¥%%%* DEFINE COLUMN HEADINGS

V'S DBITS = $D(I)$s$SR(I+3)§
T'H L9y FOR Q=191s QeGoel=1

R*%x%% TEST FOR END OF D OPERATIONS

W!R REG(Q)eNELSD $, T'0 L9

R¥*¥%% PRINT COMMAND SIGNAL AND CONDITIONAL VARIABLF

PUNCH FORMAT HEAD2,STATE(Q)sSWVI(Q)
P'T HEAD2sSTATE(Q) +SWV(Q)

R¥#**%% TEST FOR COUNT

W'R CONT(Q)eE+SUCOUNTS
PUNCH FORMAT HEADD1
P*T HEADD1
PCNTe(AZ)

R#%#%%% TEST FOR R(ADDR) TO D

O'R CONT(Q)eE+SR(ADDRS
PUNCH FORMAT TRFsDBITS(0)sDBITS(1)sDRITS(0)
P'T TRFsDBITS(O)sDBITS(1)sDBITS(0)
PRNT2+(A2)

R®%x%% TEST FOR CLFEAR

O'R CONT(Q)eE+$0 $
PUNCH FORMAT CLRsDBITS(0)sDBITS(0)
P'T CLRsDBITS(0)sDBITS(O)
BB=0
PRNT1.(BB)
O'E
Cr'€
E'L
C'E
F'N
V'S HEADD1 = $1HO0+29HD(0) D(1) D(2) D(3) D(4) D(5)9S21,
129HD(0) D(1) D(2) D(3) D(4) D(5)*s
E*N




L13

L15

EXTERNAL FUNCTION RTAB.(I)

N*'S INTEGER

PROGRAM COMMON STATEsSWVsVALsREGsCONT ’

D'N STATE(100)sSWV(100)sVAL({100)sREG(100)sCONT(100)
P'N CLR(2)sTRF({3),HEAD2(2)

Rexx%% DEFINE COLUMN HEADINGS

VIS RBITS = SR(I)SsSM(CyI)S
T'H L13s FOR NN=1s1ls NN.Gel=1

R¥%%#%% TEST FOR END OF R OPERATIONS
W'R REG(NN)NE.SR $s T'0 L13
R¥®%#% PRINT COMMAND SIGNAL AND CONDITIONAL VARIABLE

PUNCH FORMAT HEAD2sSTATE(NN) s SWVI(NN)

P'T HEAD2s STATE(NN) s SWVINN)

PUNCH FORMAT TRFsRBITS(0)sRBITS(1)sRRITS(N)
P'T TRFSRBITS(0N)sRBITS(1)sRBITS(0)

PRNT24 (AZ)

C'E

F¢N

E'N

EXTERNAL FUNCTION MEMTAB.(I!)

N'S INTEGER

PROGRAM COMMON STATEsSWVsVALSREG,CONT

DN STATE(100)sSWV(100)sVAL(100)sREG(100)+sCONT(100)
P'N CLRI(2)sTRF(3),yHEAD2(2}

R¥*%x%%%x DEFINE COLUMN HEADINGS

VIS MBITS = SM(CsI)$,8A(1)S
T'H L15s FOR QQ=191s QQeGel=1

Re#xx%% TEST FOR END OF M OPERATIONS
W'R REG(QQ)eNESM(C)Ss T'0 L1S
R¥*%x% PRINT COMMAND SIGNAL AND CONDITIONAL VARIABLE

PUNCH FORMAT HEAD2,STATE(QQ) sSWV(QQ)

P'T HEAD2,>STATE(QQ) »SWV(QQ)

PUNCH FORMAT TRFsMBITS(0)sMBITS(1)sMBITS(O)
P!T TRFIMBITS(O)sMBITS(1)sMBITS(O)
PRNT24(AZ)

C*E

F*N

E*N



EXTERNAL FUNCTION ATAB.(1)
N*S INTEGER
PROGRAM COMMON STATE,SWVsVAL ¢REGsCONT

DN STATE(IOO)9SWV(100)9VAL(1007oREG(lOO)oCONTfIOO)
P*N CLR(2)sTRF(3)4HEAD2(2)

R¥x¥%% DEFINE COLUMN HEADINGS

V'S ABITS = $A(0)$o$A(1)$9$A(I)$,$A(I+1)$9$A(I—l)$9$A(7)$o

1$A(8)$a$R(O)$9$R(I)$9$R(8)$9$B(O)$’$B(I)$o$B(8)$’$B(I~1)$o
23B(7)s

R*%%%%x DEFINE SWITCHES FOR A(0) TABLE AND ADD/SUB

BOOLEAN AXsAY
T'H L16s FOR 1I=141y I1eGel=1

Re%%%% TEST FOR END OF A OPERATIONS

WIR REG(II)eNE.SA $s T'O L1216
PUNCH FORMAT HEAD2+STATE(II)sSWV(TI)
P'T HEAD2sSTATE(II)sSWVI(IT)

R¥*#%#%% TEST FOR CLEAR

WIR CONT(II)eEWSO $
BB=0
PUNCH FORMAT CLRsABITS(O)sABITS(0)
P'T CLRyABITS(0),ABITS(0)
PRNT1.(BB)
PUNCH FORMAT CLRyABITS(2),ABITS(2)
P'T CLRsABITS(2)4ABITS(2)
PRNT1.(BB)
PUNCH FORMAT CLRsABITS(6)sABITS(6)
P'T CLRsABITS(6)sABITS(6)
PRNT1l.(BB)

R¥x%x% TEST FOR SHRA

O'R CONTI(II)eEeSSHRAL(S
PUNCH FORMAT TRF4ABITS(2)3ABITS(4)4ABITS(2)
P!'T TRFSABITS(2)4ABITS(4)4ABITS(2)
PRNT2.(AZ)
PUNCH FORMAT TRFsABITS(6)+ABITS(5)sARITS(6)
P'T TRFsABITS(6)sABITS(5)4ABITS(6)
PRNT2.(AZ)




L16

R¥x%%% TEST FOR CIRL

O'R CONTH(II)eE«SCIRLWI(S

PUNCH FORMAT TRFsABITS(0)sABITS(1)sABITS(0)
P'T TRF9ABITS(O)sABITS(1),ABITS(0)
PRNT2e(AZ)

PUNCH FORMAT TRFsABITS(2)sABITS(3)3ABRITS(2)
P'T TRFsABITS(2),ABITS(3),ABITS(2)
PRNT24(AZ)

PUNCH FORMAT TRFsABITS(6)sABITS(0)sARITS(6)
P'T TRF9ABITS(6)+ABITS(0) sABITS(6)
PRNT2.(AZ)

R*x#%% TEST FOR ADD/SUB
O'R CONTI(II)eEeSADDe(ASeORGCONT(IT)eFoeSSURe(AS

R

E'L
C'E
F'N
AR
E*N

*nnn¥® A(0Q) TABLE
AY=18B

®%nx% ADD

AX=18B

®xnx® SUB

W'R CONT(II)eEe3SUBe(ASs AX=0B
PUNCH FORMAT ADSUBsABITS(O0)sABITS(7)sABITS(10)sABITS(0)

P'T ADSUBSABITS(O0)sARITS(7)sABITS(1N0)sABITS(0O)
PASe {AXsAY)

*%x%% OTHER A-BIT TABLES

AY=08

PUNCH FORMAT ADSUBsABITS(2)+ABITS(8)4ABITS(11)9ARITS(2),
ABITS(13) -

P*T ADSUBSABITS(2)sABITS(8)9ABITS(11)9ABITS(2)4ARITS(13)
PASe(AXsAY)

PUNCH FORMAT ADSUBsABITS(6)sABITS(9)sABITS(12)9ABITS(6)
ABITS(14)

P*T ADSUBSABITS(6)sABITS(9),ABITS(12)9ABITS(6)4ABITS(14)
PASe {AXsAY)

ADSUB = $1H05S5+C69S49C69S49C695199CH9S549CH*S




LP1

LP2

LIP

LOOP

EXTERNAL FUNCTION (X)
N*'S INTEGER

R¥#*%%% GENERATE ONE VARIABLE TRUTH TABLE (CLFAR OR SFT G TO 1)

E*O PRNT1.

T'H LP1s FOR I=0s1y leGel
A=1

B=X

PUNCH FORMAT CLRsALB

P*T CLRsASB

F'N

R¥%xx% GENERATE TWO VARIABLE TRUTH TABLE (TRANSFER)

E*O PRNT2.,.

T'H LP2s FOR U=09sl9 JeGe3
ATzJvolK
BT=(J.A.2K).RS.1

PUNCH FORMAT TRFsBTsATsAT
P'T TRFeBTsAT AT

FYN

V'S CLR = $1H sS175115534,11%$

V'S TRF = $1H »S7s11559s115534,11%8
E'N

EXTERNAL FUNCTION PCNT.(Y)

R*%%%% GENERATE SIX BIT COUNTER TRUTH TABLE

N*S INTEGER

DN X(11)

T*H LOOPsy FOR I=09s19 IeGeb63

K=1

L=I+1 .

T'H LIPs FOR J=0s1y JeGe5
X(5=J)=KeAolK
X(11=-J)=LeAW1K
K=KeRSe1l
L=L.R5.1

PUNCH FORMAT CNTsX(0)eeeX(11)

P'T CNT9X{0)eoeX({11)

Fe'N

VIS CNT = $1H 96(52911952)9520+6(52s11+52)%8%

E'N




LoOOP
ouT

EXTERNAL FUNCTION PASe(XsY)
R¥*%%*%% GENERATE ADD/SUB TRUTH TABLES

N*'S INTEGER

BOOLEAN XY

T'H LOOPs FOR I=0s1s leGe?7
A=(I.A.4K).R5.2
B=(IOA02K)CR501

C=I.A01K

W'R X

R¥%%%% ADD

F=A+B+C
O'E

R¥%%%% SUR
F=A+((QN.B)OA01K)+C
sAs1K

FeAe2K)eRS41
Y

=mom
0D ~Tr

'
J

R*%*%% A(0) TABLEs SUPPRESS CARRY(R)

PUNCH FORMAT OUTAsAsBsCoD
P'T QUTASASBCsD
OtE

R®*%%* A(I) AND A(8) TABLEs GENFRATE CARRY (B)

PUNCH FORMAT OUTAsAsBsCsDsF
P'T OUTAsAsBsCyDyE
ErL
C'E
F'N
VS OUTA = $1H 957 9119599119594 114524411459,11%%
E'N
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APPENDIX H

BOOLEAN EXPRESSION PROGRAM

N'S INTEGER
D'N REG(3)sSWV(2)sF(3)sV(2)sFN(3)sB(4)sDX(11)

R¥%%%% SET UP J- AND K- SUFFIX

V'S FLF = $K$y$US

P'N STATESREG(3) sSWVI(2)sFLF{1)sB(4)sDX(11)
P'N F(3)sV(2)sFN(3)

T*H LPOs FOR L=0s1y LeGe100

L'T IN1>STATESREG(O0)eeeREG(3) sSWVID)eesSWVI(2)

R¥%%%% TEST FOR END OF F TRUTH TABLES
W'R REG(O)eNELSF(0)Ss T'O NEXT

R'T IN1sSTATESREG(O)eeeREG(3)sSWV(0)eeeSWVI2)
RYT IN2sF(0)eaaF(3)3VI0)eaaVI2)sFNIO)eseFN(3)

VBLF .« (NX)
LPO C'E
NEXT R'T STSsSTATESSWV(0)

L'T DREGsDX(0)eeeDX(11)
R¥%%%% TEST FOR COUNTER TRUTH TABLE

WI'R DX(2)eEeSD(2)Ss T'O DCOUNT
A3 R'T RGSTRsB(0)eeeB(4)

R*%%%% TEST FOR ONE OR TWO VARIABLE TRUTH TABLE

WIR B(2)eEeS $
W'R B(O)eEoS $
VBL1+ (NX)
O'E

Re%%%% ADD/SUB TRUTH TABLE

VBL2+ (NX)
E'L
O'E
VBL32. (NX)
EfL



WIR (B(1)eEeSA(0)SeORB(1)eE.SAITIS)eAND4B(O)eEeS
R*%%x%% READ A(I) AND A(8) TRUTH TABLES
T'0 A3
O'R B(O)eE«SA(O)SsORB(0)eE(SA(I)S
T'O A3
T*O NEXT

E'L
DCOUNT R*T DREGsDX(0)eeeDX(11)

R¥*%%¥%% COUNTER TRUTH TABLE

PCNTR. (NX)

T1O NEXT
VIS IN1 = $51+C59S557(C49S51) %%
VIS IN2 = $S1397(C1554)95594(C1954) %S

VIS STS = $S19C59S525,C5*%

VIS RGSTR = $S293(S54sC6)9S51592(S44CH) %S
V'S DREG = $S1+6(C4951)+S52096(ClsS1)%S
E'M



EXTERNAL FUNCTION VBLF.(NX)

R¥%%¥%% GENERATE F-REGISTFR BOOLEAN TERMS

Nt'S INTEGER
P'N STATESREG(3)sSWVI(2)sFLF(1)sB(4)sDX(11)
P'N F(3)sV(2)sFNI(3)
T'H LP1s FOR I=091y leGe2
WIR VI(1)eEL$0S%

R¥x¥%% COMPLEMENT SWV ON 0O

SWVIT)=(SWV(I)eAeTTTTTT77TK4L)eVeSO000" $
O'R V(I)eEeS1S
SWVII)=(SWV(I)eAeTTTTT7TTKL)4V+30000 $
O'E
SWV(I)=$% $

LP1 E'L
Re#x%%*% TEST FOR R(OP) TRANSFER TO F(1)

W!'R STATE«E«SK(12)$
P'T OUTOsREG(O)sFLF(O)sSTATE
PUNCH FORMAT OUTOSREG(O)sFLF(0O)sSTATE
L=1

O'E
L=0

E'L .

T'H LP2y FOR J=Lsls JeGe3

WIR F(JU)eEeS05eANDFN(J)eFEeS1S
BIT=FLF(1)

O'R F(J)eEeD1506ANDFNI(J)eEe$0S
BIT=FLF(0)

O‘'E
T'O LP2

E'L

R*#*%x% COMPRESS IF NO CONDITIONAL VARIABLE
W!'R SWV(O)eEeS $ :
P'T OUTOSREG(J)sBITsSTATE
PUNCH FORMAT OUTOsREG(J)sBITsSTATE
R*#%%% GENERATE SPECIAL TERMS FOR R(OP) TO F(1) TRANSFER
O'R SWV(O0)eEeSR(O)  $eOReSWV(O)eELSRIO) &

P!'T OUTSREG(J)sBITsSTATEsSWV(JI=-1)
PUNCH FORMAT OUTsREG(J)9BITsSTATE»SWVI(J=-1)




O'R SWVI(O0)eEsS G $

R¥*%%%% COMPRESS FURTHER IF CONDITIONAL VARIABLE 1S G

GV=$%G $

P'T OUTSREG(J)sBIT9STATE,GV

PUNCH FORMAT OUTsREG(J)sBITsSTATE LGV
O'R SWV(0)eEeS G ' $

GV=8G" $

P'T OUTSREG(J)sBIT9STATESGV

PUNCH FORMAT OUTSREG(J)sBITsSTATESGV

P'T OUTSREG(J)sBITsSTATEsSWV(O)
PUNCH FORMAT OUTSsREG(J)sBITsSTATE,SWVI(O0)
EfL
LP2 CrE
F'N
V'S OUTO = $1HO0»C49C1l93H = 9C592H®PxS
VIS OUT = $1HO09»C49C193H = 4CS593HXP*4C6*S
E*'N



LP1

EXTERNAL FUNCTION VBL1e(NX)

R¥%x%% GENERATE BOOLEAN TERMS FROM ONE VARIABLE TRUTH TABLF

N'S INTEGER

P'N STATE,REG(3)QSWV(2)9FLF(1)QB(4)ODX‘11)
DN CB(4)

T'H LOOPs FOR I=0s1s I4Gel

R'T VAL1sXsY

WIR XeEeS0%sANDeYeEe$1S

Rxxxx% TEST FOR J TERM AND COMPLEMENT VARTIABLE

U=$'s
BIT=FLF(1)
O'R XeEe$S13eANDeYoFEoe$0$

R¥*#®x%#% TEST FOR K TERM

U=$ $
BIT=FLF(0)
O'E
T*O LOOP
Ert
WIR B(1)eEeSC(I)SeOReB(1)eEeSD(I)15e0ReB(1)eFeSA(I)S

R¥x#%% GENERATE TERMS FOR EACH BIT OF CsDs AND A

KS=0

WI'R B(1)eEsSA(I)Ss KS=1
KL=5

W!R Bl1)eEsSA(INSs KL=7
MASK=TTT700777777K

T'H LP1s FOR J=KSsls JeGeKL

NRC=JOL5018
CB(1)=(B(1)eAeMASK)eVNRC
W!'R SWVI(0O)eEeS $

R¥%%%%¥ COMPRESS IF NO CONDITIONAL VARIABLF

P!T OUT1+sCB(1)9BITsSTATESCB(1) U

PUNCH FORMAT OUT1+CB(1)sBITsSTATESCB(1)sU
O'E

P'T OUTsCBI(1)sBITsSTATESSWV(0)sCBI(1) sV

PUNCH FORMAT OUTsCB(1)sBITsSTATESSWVI(O)9CR(1)sU
E'L
C'E




LoOP

LIP

W!'R SWV(0)eEeS $
P'T OUT1sB(1)sBITsSTATESB(1) sl
PUNCH FORMAT OUT1+B(1)sBITsSTATESB(1)sU
O'E
P¢T OUTsB(1)sBIT9STATESSWVIO)9B(1)sU
PUNCH FORMAT OUTsB(1)sBIT4STATESSWV(O)sB(1),U

EfL
E'L
C'E
F*N
V'S VAL1 = $S18+C19S34,4C1ns$
VIS OUT1 = $1HO9C49Cl93H = sCS593HRPR3ChyC1%S

VIS OUT = $1HO9C49C193H = 4CS593HXP#3CB31H#*3Cl4sC1%S
E'N

EXTERNAL FUNCTION PCNTR. (NX)

R¥%%%% GENERATE SPECIAL TERMS FOR COUNTER OPERATION

N*'S INTEGER

P'N STATESREG(3)sSWVI(2)sFLF(1)4B(4)sDX(11)

D'N VI(5)

T'H LOOPs FOR 1=0s1s 14Ge5
VII)=(DX(I)eRSe6)eVe$*00000$

T*H LIPs FOR J=0s19 JeGeS

P'T OUTJsDX(J)9oFLF(1)9sSTATESV(J)aaeVI(5)

PUNCH FORMAT OUTJsDX(J)sFLF(1)sSTATEsV(JS)eeeV(5)
P!'T OUTKsDX(J)sFLF(O)sSTATEIV(J)eeeVI(5)

PUNCH FORMAT OUTKsDX(J)sFLF(O0)sSTATESV(J)eeeV(5)
F*N

Vts ouUTy
V'S oUTK
E*N

$1HO»C449C193H
$1HO0+C449C193H

sCS592H*¥P 9C591H! 4 5C5%%
sCS5 e 2HRP 6 CE*S



EXTERNAL FUNCTION VBL2e(NX)

R¥x%%% GENERATE BOOLEAN FROM TWO VARIABLE TRUTH TARLF

N*'S INTEGER

PN STATESREG(3)sSWV(2) oFLF(1)4sB{4)sDX(11)
D*N DB(4)

T'H LOOPs FOR 1=0919 leGe3

R'T VAL2sXsYs2Z

V=g §

R¥%%%% COMPLEMENT SECOND VARIABLE IF TRUTH VALUE 1§ 0

W'R YeEe$S08s V=$'$
WIR XeEe$05eANDeZoFEoS1S

R¥%%%%® TEST FOR J TERM AND COMPLEMENT FIRST VARIABLE

U=$*$
BIT=FLF(1)
O'R XeEe$S15sANDeYoEe$0$

R¥®%%% TEST FOR K TERM
U=% $
BIT=FLF(0)
Ot'E
T*O LOOP
E'L

R¥#%%% TEST FOR M(C,1I)

WIR (B(0O)eAe7777K)eNELS0000 §
W'R SWV(0O)eEeS $
P'T OUTU6+B(O)sBITsSTATESB(O)sUsB(1) sV
PUNCH FORMAT OUTU69B(0)sBITsSTATESB(O)sUsB(1) sV
O'E '
P'T OQUT69B(0)sBITsSTATESSWV(0)sB(NO)sUsBI(1) sV
PUNCH FORMAT OQUT6+sB(0)sBITsSTATESSWVI(O)sB(O)sUsBI(1)sV
E'L
O'R BlO)eEeSC(I)SeOReBIOIeEeSDII)ISeORBIO)eESAII)S

RE#%%% GENERATE TERMS FOR ALL BITS OF CsDs AND A

KS=0

W'R B(O)eEsSA(TI)Sy KS=1
KL=5

WIR B(O)eEeSA(IISy KL=7
MASK1=7TTT700777777K
MASK2=T7777K2
MASK3=T7T777K8



LP1

LOOP

T*H LPls FOR JU=KSsls JeGoKL
NRBzJelL Se18
NRB1=((J~1)elLSel8)eVe$000) $
NRB2=({(J+1)elSel18)eVe$000) $
NRB3=((J+3)elSe18)eVe$000) §
DB(O)=(B(0)eAeMASK]1)eV.NRB

REx#R%® TEST FOR R(I+3)sA(I+1)sA(I=1)

W!'R (B(1)eAeMASK2)eEe$S000+30%
DB(I’=(B(I’QAOMASK3’QVQNRB3

O'R (B(1)eAeMASK2)eEe$000+10%
DB(1)=(B(1)eAeMASK3)V.NRB2

O'R (B(1)eAeMASK2)eEe$000-10%
DB(1)=(B(1)eAeMASK3)sVeNRB1

O'E

DB(1)=(B(1)eAeMASK1)4VeNRB
EfL
WI'R SWV(0O)eEe$S $

R®%¥%%% COMPRESS IF NO CONDITIONAL VARTABLES

P'T OUTU4sDB(O)sBITsSTATESDB(0O)sUsDB(1) 4V
PUNCH FORMAT QUTU4sDB(0)sBITsSTATESDB(O) sUsDB(1) 4V
O'E
P'T OUT4sDB(O)sBIToSTATE»SWVIO)sDB(O)sUsPBR(1) sV
PUNCH FORMAT OUT4sDB(O)sBITsSTATESSWV(O)sDBIO) sU)
1 DB(1)sV
E'L
C'E
O'E
W!'R SWV(O0)eEeS $

R¥##%% COMPRESS IF NO CONDITIONAL VARIABLES

P'T OUTU45sB(O)sBITsSTATESB(O)sUsB(1) sV
PUNCH FORMAT OUTU4sB(0)sBITsSTATESB(0)sUsBIl1)sV
O'E :
P'T OUT4sB(O)sBITHSTATEsSWVI(O)IsB(O)sUsB(1) sV
PUNCH FORMAT OUT4sB(O0O)sBITsSTATESSWV(O0)sB(O)sUsBI1),yYV

E'L
E'L
CtE
F'N
V'S VAL2 = $S8+C1959,C195349C1%%
VIS QUT4 = $1HOsC49Cle3H = sC593HPH,CH92(1H*9CE4C1)*S
VIS OUT6 = $1HOsC69CL19o3H = sCS593HRPR,C592(1H®*3C69C1)*S
VIS OUTU4 = $1HO»C49Cl93H = 9sC592H*P32(1H*9C69C1) %S
VIS QUTU6 = $1HO9C69Cle3H = 4C592H#P32(1H*3C64C1) %S

E*N



LP1

EXTERNAL FUNCTION VBL32.(NX)

Re#%x*% GENERATE TERMS FOR ADD/SUB

INTEGER
STATESREG(3)9SWV(2)sFLF(1)4B(4)+DX(11)
Vi4)

AB(4)sBB(4)

LOOPs FOR I=0919 leGe?
VAL3sV(0)eoeeV(4)

*$

Co-00T2
fl o ©« @« © =« =
AATZZ220

R¥#%%% COMPLEMENT FIRST VARIABLE IFf TRUTH VALUE 0

WIR V(0)eEe$S0%s U=5t%$
X=% =$

R¥%%%% COMPLEMENT SECOND VARIABLE IF TRUTH VALUE 0

WIR V(1)eEe$S0%y X=5'*$
W=% %

R¥%¥*%% COMPLEMENT THIRD VARIABLE IF TRUTH VALUE 0

WIR V(2)eEe$08s W=35'$S
WIR VIO)eEeS0SeANDeV(3)eEeS1S

R¥*%®#%% TEST FOR J TERM
BIT=FLF(1)
O'R V(0)eEe315sANDeV(3)eEL50%

R¥%%x%% TEST FOR K TERM
BIT=FLF(0)
O'E
T*'0 CARRY
EsL
WIR B(O)eEsSA(INS

Rxx#%% GENERATE TERMS FOR ALL BITS OF A

MASK=T7T7700777T7T77K

T'H LPly FOR J=1lsly JuGe?

NRA=JeLSe18

AB(O)=(B(0)eAeMASK})eVeNRA

AB(1)=(B(1)eAeMASK) aVeNRA

AB(2)=(B(2)eAeMASK) eVeNRA

P'T OUTAAB(O)sBITsSTATESWAB(O)sUsAB(1)sXsAB(2)sW

PUNCH FORMAT OUTAsAB(O) sBITsSTATESAB(O) sUsAB(1)oXsAR(2) s W



O*E
P!T OUTAsB(O)sBITsSTATEIB(O)sUsBI1)sXsB(2) oW
PUNCH FORMAT OUTA9BIO)sBITsSTATESB(O) sUsBl1) sXsB(2) oW
EtL
CARRY WIR V(4)eEeS15ANDeB(4) oE4SB(1=1)8

R*#%#%% GENERATE CARRY BIT EXPRESSIONS (B(O)eeaB(T7))

T'H LP2s FOR K=1351s KeGe8
MASK=T777700777777K

NRB=KelLS.18

BB(O)=(B(0)eAeMASK) +sVeNRB
BB(1)=(B(1)eAeMASK).VeNRB
BB(2)=(B(2)eAeMASK)eVaNRB

P!'T OUTCYsK=19STATEsBB(O) sUsBB(1)sXsBB(2) W

LP2 PUNCH FORMAT OUTCYsK=1sSTATEsBB(0O)sUsBB(1)sXsBB(2)sW
Ot'E
e
Er't
LooP C'E

WIR STATE«E«$K(11)5eANDeB(0)eEsSA(B)S

R¥*®%* GENERATE LAST CARRY BIT EXPRESSION FOR SUBTRACTION=-B(8)

P*'T CYBsSTATE
PUNCH FORMAT CY8,STATE

E'L

F*N

VIS VAL3 = $58+C19595C1959+C195249C1+59,C1#$

VIS OUTA = $1HO9C49C193H = sC593H#P#42(C4sC2)9ClsC1*S

VIS OUTCY = $1HO92HB(sT1195H) = 9CS593H#P%42(C4sC2) 9ClhsC12S
V'S CYB = $1HO98HB(8) = 4C5¢2H#P*S



OF(0)K
OF(3)K
OF(0)Y
OF(3)y
OF(0YJ
OF (1)K
OF (01K
OF(2)K
OF(0)K
OF(2)k
OF(3)y
OF(0)K
OF(0)K
0F(31)J
OF(0)K
OF(1YJ
OF(2)K
OF(0)K
oF(1)Yy
OF (23K
OF(3)J
OF(0YJ
OF(2)J
OF(3)J
OF(0)YJ
OF(2)J
OF(0)J
OF (113K
OF(2)J
OF(3)J
OF(0)J
OF(3)J
OF(0)J
OF(0)J
OF(2)J
OF(0)J
0F(2)J
OF(3)K
0OF(0)YJ
OF(0)J
OF(3)K
OF(0)K
OF(1YJ
OF(3)K
OF (1)K
0F(2)J
OF(3)J

nawwnnn
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BOOLEAN EXPRESSION PROGRAM OUTPUT

K(17)%P*G
K{(17)%pxG
K(06)%PxG!
K(0&)*PxG?
K{(06)#PxG
K(06)*PxG
K(12)*»p
K(12)%P*#R(1)?
K(12)#*p
K(12)%#P%R(1)"
K({12)%P%R(2)
K(12)%*p
K(12)*p
K({12)%P%R(2)
K(12)*p
K(12)*P%R(0)
KU{12)*P¥R(1)
K{12)%p
K(12)%P*R(0)
K({12)%P%#R(1)
K(12)%P*R(2)
K(0O0)*pP
K(10)#*p
K(10)%*pP
K(01)%p
K(11)*p
K{(04)»p
K(04)=p
K(04)%p
K(04)»p
K(02)*p
K(02)*p
K(03)»p
K(05)*#pP%C(3)
K(OS)Y*P%C(3)
K(O5)*#P%C(2)
K(O0S)*#pPxC(2)
K(05)%p%C(2)
K(O5)#P*#C(1)
K(O5)%pP*C(0)
K(OS)*P%C(0)
K(13)x*p
K(13)%p
K(13)x»p
K{14)%p
K(14)%p
K(14)%p

APPENDIX 1



OF (1)K = K(15)*p

OF(2)J = K(15)%p

OF (1)K = K(16)*pP

OF(3)J = K(16)%P

0 G K = POWER*P* G

0 G J = START*P* G ¢

0 G K = Kt05)%P%C(3) * G

0CLO0)IK = K(17)%Px G'*#C(0)

0C(1)K = K(17)#pPx G'#C(1)

OC(2)K = K(17)%Px G**C(2)

0C(3)K = K(17)%pP* G'**C(3)

0Cl4)K = K(17)%P# G'#C(4)

0C(5)K = K(17)%P*» G'#C(5)

0C(0)J = K(12)*P®C(0) t%#R(3)

OC(1)J = K(12)%P%C(1) 1%#R(4)

0C(2)J = K(12)%P*C(2) t%R(5)

0C(3)J = K(12)#P%C(3) *#R(6)

0C(4)J = K(12)*P%C(4) *%R(7)

0C(5)J = K(12)%P%C(5) 1%R(8)

0C(0)IK = K(12)%P%C(0) ®¥R(3) o
0C(1)K = K(12)#P%C(1) *R(4)
0C(2)K = K(12)%P%C(2) ¥R(S5) ¢
0C(3)K = K(12)%*P%C(3) *¥R(6) ¢
0C(4)K = K(12)%P*C(4) *¥R(T7)
O0C(5)K = K(12)#P%C(5) *R(8) ¢
0C(0)J = K(13)%P%C(0) *%D(0)

0C(1)J = K(13)#P*C(1) *#D(1)

0C(2)J = K(13)%P*C(2) 1*D(2)

0C(3)J = K(13)%P*C(3) *+%#D(3)

0C(4)J = K(13)#P%C(4) 1%D(4)

0C(5)J = K(13)%P%C(5) '%D(5)

0C(O0IK = K(13)#P*C(0) *D(O) ¢
0C(1)K = K(13)*P*C(1) *D(1) ¢
0C(2)K = K(13)%P*C(2) *D(2) v
0C(3)K = K(13)#P*C(3) *D(3) ¢
0C(4)K = K(13)%P*C(4) *D(4) v
O0C(5)K = K(13)%P*C(5) *D(5) ¢
OD(0)IK = K(17)%P% G'%#D(0)

OD(1)K = K(17)%p» G**D(1)

OD(2)K = K(17)#pP* G'**#D(2)

OD(3)K = K(17)*P* G'%D(3)

OD(4)K = K(17)%#P* G**#D(4)

0D(5)K = K(17)#P» G'%D(5)

OD(0)J = K(O6)%P*D(0)**D(1)*D(2)*D(3)%D(4)%#D(5)
0D(0)K = K(O6)*P*D(0)%*D(1)*D(2)*D(3)%D(4)#D(5)
OD(1)J = K(O6)®PX*D(1) ' %D (2)%*D(3)%#D(4)*D(5)
OD(1)K = K(O6)*P*D(1)%*D(2)%D(3)*D(4)*D(5)
0D(2)J = K(O6)XP*D(2) ' %D(3)%D(4)*D(5)
OD(2)K = K(O6)*P*D(2)%D(3)%D(4)*D(5)
0D(3)J = K(O6)*P%#D(3)'*D(4)%D(5)
OD(3)K = K(06)%P*D(3)*D(4)%D(5)
0D(4)J = K(O6)*P*D(4) ' %D (5)

OD(4)K = K(O6)*P*D(4)%D(5)



oD(51J
0D(5)K
0D(0)J
oD(1)J
oD(2)J
0D(3)J
OD(4)J
0D(5)J
oD(0)K
0D(19K
0D(2)K
0D (3)K
OD(4)K
0D(5)K
0D(0)J
0D(1)J
0D(2)J
0D(3)J
0D(4)J
0D(5)J
0D(0)K
OD(1)K
0D(2)K
0D (3)K
0D (41K
0D(5)K
OR(1)J
OR( 1)K
OR(1)J
OR( 1)K
OR(I1)J
OR( 1)K
OM(Cs1)
OM(Cs1)
0A(0)J
0A(0)J
0A(0)K
0A(0)K
0A(1)J
0A(2)J
0A(3)J
0A(G)J
0A(5)J
0A(6)J
0A(T7)J
0A(1)J
0A(2)J
0A(3)J
0A(4) Y
0A(5)J
0A(6)J
0A(T)J
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K(O6)*P%D(5)?

K(06)*P%D(5)
K(O4)*P%*D(0)
K(04)*P%D(1)
K{04)*P%D(2)
K(04)%P*D(3)
K(O4)*P*D(4)
K(O4)*P*D(5)
K(O4)*P%xD(0)
K(O4)*P%D(1)
K(O4)%pxD(2)
K(04)*P%D(3)
K(O4)*PxD(4)
K(04)*P%D(5)
K(02)%P*A(0)
K(02)*P*A(0)
K(02)*P*A(0)
K(02)*P*A(O0)
K(02)*P*A(0)
K(02)%P*A(0)
K(02)*P%A(O0)
K(O2)*#P*A(0)
K(O2)*P®%A(0)
K(02)%P*A (0}
K(02)%*P%A(O0)
K(02)%P*A(0)
K{06)*P%R (1)
K(O6)*¥P%R(1)
K(OO)*P¥R (1)
K(OO)*P*R (1)
K(O1)#P*R(1I)
K(O1)*P%R (1)

K(10)*P*A(1)'*R(1)
"K(10)%P*A(2) %R (2)
K(10)*#P*A(3) %R (3)
K{10)*#P*A(4) ' *R(4)
K(10)*P®A(5) ' *¥R(5)
K{10) #PXA(6) *%*R(6)
K(10)%PRA(T) **R(7)

*%*R(3)
YER(4)
t%¥R(5)
T#R(6)
*RR(T7)
Y#R(8)
*R(3)
*R(4)
*R(5)
*¥R(6)
*R(T)
*R(8)
*D(0)
*D(1)
*D(2)
*D(3)
*D(4)
*D(5)
*D(0)
*D(1)
*D(2)
*D(3)
*D(4)
*D(5)

- @ *® *o e

%R (3)
"¥R(4)
1#R(5)
t¥R(6)
t¥R(7)
' #R(8)
*R(3)
*R(4)
*R(S5)
*R(6)
*R(7)
*R(8)

1¥M(Cy 1)
*M(Cyl)
1¥M(Co 1)
*M(Col )
t¥M(Cy 1)
*M(Col )

= K(O3)*P*¥M(CoT )t %A(T)

= K(O3)#P%¥M(Csl) *A(I) ¢
K(10)%P*A(O) ' *R(0) ' #B{(0)
K(10)%P*A(0) ' *R{(0) *#B(O0) ¢
K(10)*P*A(0) *R(0)**B(0O)
K(10)*P*A(0) *R(0O) *B(0)!
K10)%P*A(1)**#R(1)'*B(1)
K10 %P*A(2) ¢ %¥R(2)'%¥B(2)
K(10)#P*A(3) ‘%R (3)v%#B(3)
K(1I0)*PXA(4) V¥R (4) ' %¥B(4)
KC10)*PXA(5) 1 %R (5)*#B(5)
K{10)%P*A(6) ' *R(6)'#B(6)
K(10)%P*A(T) I ®R(T)**B(7)

*B(1)
*B(2)!
*B(3)!
*Bla)
*B(5)!
*B(6)!
*B(T7)



OA(O0)YJ
OA(O)YJ
OA(0)K
0A(0)K
0A(1)J
0A(2)J
0A(3)J
OA(4)YY
0A(5)J
OA(6)J
OA(T)YY
0B(0)
0B(1)
0B(2)
0B(3)
0B(4)
0B(5)
0B(6)
0B(7)
0A(1)Y
0A(2)y
0A(3)J
OA(4)YJ
OA(5)J
OA(6)J
OA(T7)J
OA(1)K
0A(2)K
0A(3)K
OA(4)K
OA(S5)K
OA(6)K
OA(7)K
0B(0)
0B(1)
0B(2)
0B(3)
0B(4)
0B(5)
0B(6)
0B(7)
0B(0)
0B(1)
08(2)
0B(3)
08(4)
0B(5)
0B(6)
0B(7)

n
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K(11)%P®A(O)*%XR(0) ' #B(0)
K(11)*P%A(0)'*R(0) *B(0)
K(11)%#P*#A(0) *R(O)**#B(0)?
K(11)*P%A(0) *R(0) *B(0)
K(T1)%P®A(1)*%¥R(1)*%B (1)
K(11)%PRA(2) ' %#R(2) 1 %B(2) ¢
K(11)*P®A(3) %R (3) ' #B(3)!
K(11)#P%A(4) ' #R(4) ' #B(4) ¢
K(11)*P*A(S5) 1 %XR(5) ' #B(5)
K(11)*#PRA(6)**R(6)**B(6)
K(11)#PRA(T) ' %XR(T7)'%B( 7)1

K(11)*P%A(1) *%#R(1) ' #B(1)
K{11)%PXA(2) ' %R (2) ' %B(2)
K(11)*#P*A(3)1%R(3)*%B(3)
K(11)*PXA(4) ' %R (4) ' %B(4)
K(11)*P*A(5) ' *R(5) ' %B(S)
KI(11)%P*A(6) ' %¥R(6) ' *B(6)
KOL1)*PRA(T7) %R (T7) ' %B(7)
K(11)*#P%A(B) '*R(8)'*B(8)

K(11)*P*A(1) ' %R (1)
KU11)%PRA(2) %R (2)
K(11)%#P%A(3) %R (3)
K(11)%P®A(4) ' %R (4)
K(11)*P*A(5)**R(5)
KI11)*P*A(6) **R(6)
KU11)%#P*A(T7) ' #R(7)

K(11)%P*A(1)
K(11)®P%A(2)
K(11)#P*A(3)
K(11)%*P%A(4)
K(11)#P%A(5)
K(11)%PRA(6)
K{11)*P®A(7)
K({11)*P*A(1)
K{11)*#P*A(2)
K({11)*P#A(3)
K(11)#PxA(4)
K(11)*#P#A(5)
K{11)#P®A(6)
K(11)*#P®A(T)
K(11)*P*A(8)
K(11)*P*A(1)
K(11)%P*A(2)
K{11)#P*A(3)
K{11)%P*A(4)
K(11)%#P*A(5)
K(11)*P*A(6)
K(11)%P*A(T)
K(11)%#P*A(8)

*B(1)
*B(2)
*B(3)
*B(4)
*B(5)
*B(6)
*B(7)
*R(1)'%B(1)?
*¥R(2)1'%B(2)
*R(3)'%B(3)
¥R(4) 1 %B(4)
¥R(S) 1 %B(5)
*R(6)1%B(6)
RR(TII%B(T) 0
¥R(1) 1 %B(1)
®¥R(2)'%B(2)
¥R(3)1%B(3)
*R(4) ' %B L)
*R(5)¢*B(5)
*R(6)1%B(6)?
¥R(TY'%B(T) ¢
*R(B8)Y'%B(8) ¢
*R(1)**#B(1)
*R(2)'#B(2)
*R(3)'%B(3)
*¥R(4) ' #B(4)
*R(5)1%B(5)
*R(6)'%#B(6)
*R(T7)#B(7)
*R(8)'#B(8)



0A(1)K K(11)%P*A(1) *R(1) *B(1)

=
OA(2)K = K(11)%P%A(2) *R(2) *B(2)
OA(3)K = K(11)%P%A(3) *R(3) #B(3)
OA(4)K = K(11)*#P*A(4) *R(4) *B(4)
OA(S)IK = K(11)%P*A(5) *R(5) *B(5)
OA(B)IK = K(11)*P*A(6) *R(6) *B(6)
OA(TIK = K(11)%P%A(T7) %R(7) *B(7)
0B(0) = K(11)%P%A(1) *R(1) *B(1)
0B(1) = K(11)%P*A(2) *R(2) *B(2)
0B(2) = K(11)%#P*A(3) %*R(3) *B(3)
0B(3) = K(11)*P®A(4) *R(4) *B(4)
0B(4) = K(11)*P*A(5) %*R(5) *B(5)
0B(5) = K(11)%P*A(6) *R(6) *B(6)
OB(6) = K(11)%P%A(T) *R(7) *B(7)
0B(7) = K(11)%P*A(8) *R(8) *B(8)
OA(B)J = K(11)%P*A(8)'*R(8)'*#B(8)*
OA(8)J = K(11)%P*A(B)*%*R(8) *B(8)
OA(B)IK = K(11)%P®A(8) *R(8)*'*#B(8)!
OA(B)K = K(11)*P*A(B) *R(8) *B(8)
0B(8) = K(11)%p
0A(1)J = K(14)%P*A(1) '%A(0)
OA(2)J = K(14)%PXA(2) **A(1)
0A(3)J = K(14)%P*A(3) '%A(2)
OA(4)J = K(14)%P®RA(4) '%A(3)
OA(5)J = K(14)%#P*A(5) '%A(4)
OA(6)J = K(14)%P%A(6) '#A(5)
OA(T)IJ = K(14)%P%A(T) IRA(6)
OA(1)K = K(14)%P%A(1) *A(0) ¢
OA(2)IK = K(14)%#P%A(2) *AL(1) ¢
OA(3)K = K(14)%*P*A(3) *A(2)
OA(4)K = K(14)%P%A(4) ®A(3) o
OA(S5)K = K(14)%P*A(5) *A(L) o
OA(6)K = K(14)%#P%A(6) #A(5) ¢
OA(7IK = K(14)*PRA(T) ®A(6) ¢
OA(8)J = K(14)%P%A(8) **A(T)
OA(B)IK = K(14)%P%A(8) XA(TY 0
OA(0)J = K(1S)#P%A(0) **A(1)
OA(O)IK = K(15)%P*A(0) *A(1Y) 0
OA(1)J = K(15)#P*A(1) *A(2)
OA(2)J = K(15)%P*A(2) '*A(3)
OA(3)J = K(15)%#P*A(3) 1%A(4)
0A(4)J = K(15)%P%A(4) '*#A(5)
OA(S5)J = K(15)%*P*A(5) '%A(6)
OA(6)J = K(15)%PXA(6) '#A(T)
OA(T)J = K(1S)%PRA(T) **#A(8)
OA(1)IK = K(15)%P®A(1) *A(2) 0
OA(2)K = K(15)#PRA(2) *A(3) 0
OA(3)K = K(15)%#P%A(3) *A(4) ¢
OA(4IK = K(15)%#P%A(4) *A(5) ¢
OA(5)K = K(15)#P*A(5) *A(6) 0
OA(6)IK = K(15)%#P%A(6) *A(TY 0
OA(T7)IK = K(15)%#P%A(7) *A(8) ¢
OA(8)J = K(15)%*P®*A(8) **A(0)
OA(B8)IK = K(15)%P*A(8) ®*A(0)



0A(0)K
0A(1)K
0A(2)K
0A(3)K
OA(4)K
0A(5)K
0A(6)K
0A(T7)K
0A(B)YK

Wowouow oo

K(16)*P%A(0)
K(16)#P*A (1)
K(16)#PRA(2)
K(16)%#P%A(3)
K(16)*P®A(4)
K(16)*P®A(S5)
K(16)%PRA(6)
K(16)*PRA(7)
K(16)*#P®A(8)



LOOP1
EXIT1

LOOP2
EXIT2

LOOP3
EXIT3

LOOP4
EXIT4

APPENDIX J

BOOLEAN EQUATION PROGRAM

N'S INTEGER

PN EQUALsPLUSSOUT(6)9sCHECK(5)sBIT(500)sY(7#500)sSTATE(100)

1CLOCK(100)9VAR(100)
D'N T(500)

V'S EQUAL = $= $
VIS PLUS = & + %

Re#%%% LOAD F EXPRESSIONS

T*H LOOP1s FOR A=0s19 AeGe500
L*T INsJK

WIR (UKeAeT7T7K10)eNESFO0000%
R'T INsJK9STsCPsV

BIT(A)=UK

STATE(A)=ST

CLOCK(AY=CP

VAR(A) =V

EXECUTE FEQN. (A)

R¥#%x%% | OAD G EXPRESSIONS

T'H LOOP2s FOR B=141y BeGe100
L'T INsJK

WIR (UKeAeT7T7K6E) e NELSOOGO00S
LOAD« (B, T)

Ct'E

EXECUTE GEQN.(B)

R¥%%%% LOAD C EXPRESSIONS

T*H LOOP3y FOR C=191y CeGoel00
L'T INsJK

WIR (UKeAeT7K10)eNE+SCO0000%,
LOADG(CsT)

Cr'E

EXECUTE CEQN.(C)

R¥x%x# LOAD D EXPRESSIONS

T'H LOOP4s FOR D=14319 DeGel00
LT INsJK

W'R (UKeAe77K10)eNE«SDOOO0OS,
LOAD«(DsT)

CtE

EXECUTE DEQN. (D)

T'O EXIT]

T*O EXIT2

TYO EXIT3

T'O EXITH



LOOPS
EXITS

LOOPS
EXIT6

LOOP7
EXITY

Rx#%%% { OAD R EXPRESSIONS

T'H LOOPSs FOR E=151s EeGe100
L'T INsJK

WIR (UKeAe77K10)eNE«SROO000S
LOADS (EsT)

C'E

EXECUTE REQN. (E)

R¥%%%% | OAD M EXPRESSIONS

T'H LOOP6s FOR F=191y FoeGel00
L'T INyJUK

W'R (JUKeAe77K10)eNESSMOO00O0S
LOAD(FsT)

C'E

EXECUTE MEQNG(FsT)

R¥%¥%% L OAD A EXPRESSIONS

T'H LOOP7s FOR G=1s1s GeGe500
L'T INsJK

T'O EXITS

T*O EXITE

WIR (UKeAeTTK10)eNEeSAOODO00SsAND e (JKoAs7TKIO0) NESBOOONDS S

1T'O EXITY
LOAD«(GsT)

C'E

EXECUTE AEQN.(G)

VIS OUT = $1H09C5953+43(C3+5C6)/1H09S893(C345CH)*S$
V'S CHECK = $1HO»S5920HCHECK INPUT SEQUENCE#*S

VIS IN = $S19C59539C59C39C5%$

E'M



LooP

LP1

LP3

EXTERNAL FUNCTION FEQN.(X)
R¥x%%# GENERATE F REGISTER EQUATIONS

N*'S INTEGER

P'N EQUAL sPLUSsOUT(6) sCHECK(5)9BITI(500)sY(7%#500)sSTATE(100)
1CLOCK(100)sVAR(100)

D'N F(8%#100)sN(8)

V'S N=09393939393939393

R¥xx%x%x MINIMIZE EXPRESSIONS

T*H LOOPs FOR 1=0s1s leGeX~-2
T'H LOOPs FOR J=1+1s1s JeGeX~-1

WIR BIT{I)eEeBIT(J)eANDeSTATF(1)4E«STATE(J)
W'R VAR(I)eEeVAR(J)

BIT(J)=% $
STATE(J)=% s
CLOCK(J) =% $
VAR(J) =% $

O'R (VAR(I)eEVeVAR(J))eEaT4KBsORG(VAR(I)eEVeVAR(IJ))eFo
1 74K2

BIT(J)=% $
STATE(J)=%' $
CLOCK(J) =% $
VAR(J)=$% $
CLOCK(I)=95%P $
VAR(1)=% $
E'L
OtE
CtE
E'L

R*##%% LOAD EQUATIONS MATRIX ROW NAMES

F(ls1)=SF(0)JUS
F(291)=8SF(0)KS$S
F(3+1)=8F(1)JUS
F(4s1)=8F(1)KS$
F(5+1)=8F(2)JUS$
F(691)=8SF(2)K$S
F(7+1)=8F(3)JS%
F(8s1)=8F(3)KS

T'H LPly FOR K=191y KeGe8
F(Ks2)=EQUAL

T*H LP2y FOR L=091y LeGeX=1
T'H LP3y FOR M=1s1, MeGe8
W'R BIT(L)eEsF(Ms1)y T'0 PACK
T'O LP2



0B(0)
0B(1)
0B(2)
0B(3)
0B(4)
0B(5)
0B(6)
0B(7)
0A(1)K
0A(2)K
0A(3)K
0A(4)K
OA(5)K
0A(61K
0A(7)K
0B(0)
0B(1)
0B(2)
0B(3)
0B(4)
0B(5)
0B(6)
0B(7)
0A(1)K
0A(2)K
0A(3)K
0A(4)K
0A(5)K
0A(6)K
0A(T)IK
0B(0)
0B(1)
0B(2)
0B(3)
0B(4)
0B(5)
0B(6)
0B(7)
0B(0)
0B(1)
08(2)
0B(3)
0B(4)
0B(5)
0B(6)
0B(7)
0A(8)J
0A(8)J
0A(8)K
OA(8)K

uuuunnnuuuunuuuuuuunnuuuutsuunuuuunnunuuuuuunuuuunu

K{10)*P*A(1)**R (1)
KU10)*#P*A(2) 1 %R (2)
K(10)*P*A(3) **R(3)
K(10)*P*¥A(4) ' *R(4)
K(10)%P*A(5) ' %R (5)
K(10)*PRA(6) ' *R(6)
KU10)*PRA(T7) v %R (7)
K(10)*P*A(8)**R(8)

K(10)*P*A(1)
K(10)%#PX%A(2)
K(10)*P%A(3)
K(10)*PxA(4)
KU10)*P*A(5)
K(10)%P®A(6)
K(10)%P%A(T)
K(10)*P*A(1)
K(10)*#pPxA(2)
K(10)*P%A(3)
K(10)%P*Al(4)
K(10)*P*A(5)
K(10)*P*A(6)
K(10)*P*A(7)
K(10)*P*A(8)
K(10)%P*A (1)
K(10)*P®A(2)
K(10)*P*A(3)
K(10)%P%A(4)
K{10)*P*A(S5)
K(10)%#P*A(6)
K(10)#P#A(7)
K(10)*P*A(1)
K(10)%P%A(2)
K(10)%P*A(3)
K{10)*#P*A(4)
K(10)*P*A(S)
K(10)*P®A(6)
K(10)*P®*A(7)
K(10)%P*A(8)
K{10)%P*A(1)
K(10)%#P*A(2)
K(10)*#P*A(3)
K(10)#P*A(4)
K(10)%P*A(5)
K(10)%P*A(6)
K(10)#P®A(T7)
K({10)*P%A(8)

*B(1)
*B(2)
*B(3)
*B(4)
*B(5)
*B(6)
*B(7)
*B(8)
*R(1)1%B8(1)
*R(2)'%B(2)
*R(3)1%#B(3)
*RU4Y ' %B(4)
*¥R(5)V%B(5)
*R(6)'*B(6)
*R(TY*B(7)
*R(1)**B(1)
*¥R(2)'%B(2)
*R(3)'%B(3)
*R(4) 1 %B(4)
*R(5)t%B(5)
*R(6)1%B(6)
XR(7)%B(T7)
*¥R(8)'%B(8)
*R(1) *B(1)
*R(2) *B(2)
*R(3) *B(3)
*R(4) *B(4)
*R(5) *B(5)
*R(6) *B(6)
*R(T7)Y %*B(T7)
*R(1) *B(1)
#¥R(2) *B(2)
*¥R(3) *B(3)
*R(4) *B(4)
*R(5) *B(5)
*R(6) *B(6)
*R(T7) *B(T7)
*R(8) *B(8)
*R(1) #B(1)
*R(2) #*B(2)
*R(3) *B(3)
*R(4) %B(4)
*R(5) *B(5)
*R(6) %B(6)
*R(T)Y *B(T)
*R(8) *B(8)

K{10)%#P*A(B)**R(8)'*B(8)
K(10)*P%A(B)**#R(8) *B(8)*

K{10)*P*A(8)

*R(8)'*B(8)

- ® ® O @ ® O G O O @ e O o e

K(10)*P*#A(8) *R(8) *#B(8)!



PACK

LP2

LP4

LPS

R¥%%#%xx PACK EXPRESSIONS INTO EQUATIONS

FIMeN(M))=STATE (L)
F(Ms (N(M)+1))=CLOCKI(L)
F(Ms (N(M)4+2))=VAR(L)
WI'R N(M)eGe3s F(My(N(M)=1))=PLUS
N(M)=N(M)+4
C'E
T'H LP&4s FOR P=152y PeGe?7
F{PsN(P))=8POWERS
FIPs (N(P)=1))=PLUS
FO(P+1)9N(P+1)) =8 $
FO(P+1)s(N(P+1)=1))=$ $
P!T $1H1#*$

R¥%%x% PRINT EQUATIONS

T'H LPSs FOR B=1s1s BeGe8
PI'T $1H =%

PIT EQNSsF(Bsl)esaF(BsN(B))
FoIN

VIS EQNS = $1H09C5952914(C39C5)/1H09S7914(C34C5) %8
E'N



LooP

LooP

LP1

LP2

EXTERNAL FUNCTION LOAD.(1,T)
R¥x%%% | OAD EXPRESSION MATRIX

N*'S INTEGER
P'N EQUALsPLUS,OUT(6)QCHECK(S)9BIT(500);Y(?*SOO)ysTATE{IOO)o
1CLOCK(100) s VAR(100)
D'N VX(41)sVY(6)
TT=% $
L'T IN1sJK :
WIR (JKeAeT77K10)4ELEMO0000S
RYT IN2sJKsTToVX(0)aooVX(41)
O'E
RY'T INI1sJKsVX(0)eooVX(41)
ErL
CMPCKe (VX sVY)
BIT(I)=JK
T(l)=TT
T'H LOOPs FOR J=1lsls JeGe7
Y{JsT)=vY(JU=-1)

FON
VIS IN1 = $515C5553542C1%S$
V'S IN2 = $51,C6+C1553542C1%8
E*N

EXTERNAL FUNCTION CMPCK.(XsY)
R*%%%% COMPRESS AND PACK INPUT EXPRESSIONS

'S INTEGER

'*N A(41)4+B(5)

*H LOOPs FOR I=0s1s IeGe&l
'R X(I)eNE.S $

ACNY=X(T)

N=N+1

O'E

C'E

EHA2Z0Z
ITOo2Z2W0

E'L

T'H LP1s FOR J=Nslys JeGe&1l

AlJ)=% &

T'H LP2y FOR K=091s KeGeb
Y(K)=%$000000%

T'H LP2y FOR M=0s19 MeGe5
BIM)=(A((K*6)+M) e AeTTK10)eRSe (6%M)
Y(K)=Y(K)eVeB(M)

F'N

E*N



LP1

PACK

LP2

LP3

LooP

EXTERNAL FUNCTION GEQN. (X)

R¥xx%% GENERATE G REGISTER EQUATIONS

N'S INTEGER

P'N EQUALsPLUS,OUT(6) 9CHECK(5)4sBIT(500)sY(T7%#500)sSTATE(100),
1CLOCK(100)sVAR(100)

D'N G(2#100)sNG(2),+GC(2)

V'S NG(1)=3,3

VIS GC(1)=% G J%+% G KS$

R¥*%%% { OAD EQUATIONS MATRIX ROW NAMES

G(1s1)=8G(0)JS

G(1+2)=EQUAL

G(2+1)=%3G(0)KS

G(2+2)=EQUAL

T'H LOOPy FOR I=1s1s leGeX-1
T'H LP1y FOR U=1s19 JeGe?
WIR BIT(I)eEeGC(J)y T'O PACK
P*T CHECK

ERROR RETURN

R¥#%%% PACK EXPRESSIONS INTO FQUATIONS

WIR Y(19T)eEeSPOWER*#B4OReY (191 )eEeSSTART®S
GIIING(I)I)I=(Y(191)eAeTTTTTTTTTTK2)aVe300000 $
T'H LP2s FOR K=1s1s KeGaeb
G(JsNG(J)+K)=$% $
O'E
T'H LP3s FOR L=09s1s LeGet
GUEIINGIU)Y+L)=Y(L+1s1)
E'L
W'R NG(J)eGe3s G(JsNG(J)=1)=PLUS
NG(J)=NG(J)+6
' E
P'T $1H1*%

Rex¥%x% PRINT EQUATIONS

P'T OUTsG(191)eeeG(1sNG(1)=2)
P'T OUTsG(291)eeeG(2sNG(2)=2)
F'N
E'N



EXTERNAL FUNCTION MEQN.(X,sT)
R¥xx%%x GENERATE MEMORY WORD EQUATIONS

N*S INTEGER

P'N EQUAL9PLUS,OUT(6)oCHECK(S)9BIT(500)9Y(7*500)9STATE(100);
1CLOCK(100)sVAR(100)

D'N M(2%100)sNM(2)

VIS NM(1)=444

Re®%%% LOAD EQUATIONS MATRIX ROW NAMES

M(1s1)=8SM(CsI)S

M(251)=SM(CH»I) S

M(1+2)=8U%

M(2+2)=%KS$S

M(1s3)=EQUAL

M(2+3)=EQUAL

T'H LOOPMs FOR I=1351y 1eGeX~-1

T'H LPM1y FOR U=1ls1s JeGa?2
LPM1 WIR BIT(I1)eEeM(Js1)eANDeTI(I)eFEaM(Js2)s TIO PACKM

P'T CHECK

ERROR RETURN

R¥xx%% PACK EXPRESSIONS INTO EQUATIONS

PACKM T'H LPM2s FOR K=0s1s KeGet

LPM2 MUJINMIJ)+K) =Y (K41 1)
WIR NM(J)eGelts MIJsNM(J)=-1)=PLUS
NM(J)=NM(J)+6

LOOPM C'E

P'T $1H2%$
R#x#x% PRINT EQUATIONS

PIT OUTMsM(1s1)eeeMI1sNM(1)=2)
PIT OUTMsM(251)seoM{25NM(2)=2)
PRINT COMMENT $0 I = 0seees8S
FIN

V'S OUTM = $1H-9C69C195393(C345C6)/1H0951093(C345C6)%$
E'N



EXTERNAL FUNCTION DEQN.(B)
R¥x%x® GENERATE D REGISTER EFQUATIONS

N*'S INTEGER

P'N EQUALsPLUSSsOUT(6) sCHECK(S)sBIT(500)sY(T%500)sSTATE(100)
1CLOCK(100)sVAR(100)

D'N D(12%100)sND(12)

VS ND(1)=3939393939393939393934%3

R¥%#%%% | OAD EQUATIONS MATRIX ROW NAMES

T'H LP1y FOR I=091s TeGe5
D(2%14251)=8D(0)KSeValloelSe18)
D(2%#I+1+1)=3D(0)JSeVe(lalSel8)
D(2%1+1,2)=EQUAL

LP1 D(2%1+42,2)=EQUAL
T*H LOOPy FOR J=1s1s JaGeB=-1
T'H LP2s FOR K=1s1s KeGel?2

LpP2 WIR BIT(J)eEsD(Ksl)s TtO PACK
P*T CHECK
ERROR RETURN

Rexx#% PACK EXPRESSIONS INTO EQUATIONS

PACK T'H LP3y FOR L=09s1s LeGeb

LP3 DIKsND(K)+L)Y=Y(L+1sJ)
WI'R ND(K)eGe3s D(K¢ND(K)I=-1)=PLUS
ND(K)=ND(K)+8

LOOP Cr'E
P'T $1H1%S%

R**%*% PRINT EQUATIONS

T'H LP4s FOR M=191s MeGel2
LP4 P!'T OUTDsD(Msl)eeoD(MyNDIMI=2)
F'N
VIS QUTD = $1H=9C59S5392(C3+s7CHI/1H095892(C39T7CHI*S
E'N



EXTERNAL FUNCTION CEQN,(B)
Rex%%% GENERATE C REGISTER EQUATIONS

NtS INTEGER

PN EQUALQPLUSQOUT(6),CHECK(S)9BIT(500)9Y(7*500)QSTATF(IOO)O
1CLOCK(100)sVAR(100)

D'N C(12%100)sNC(12)

VIS NC(1)=39393535393939343934343

Re#%%% LOAD EQUATIONS MATRIX ROW NAMES

T'H LP1s FOR I=0s1s leGe5
Cl2%#1+4151)=8C(0)JSeVe(l,L5.18)
Cl2%#14251)1=3C(0)KSeVe(1eLSe18)
C(2%T+1+2)=EQUAL

LP1 C(2%142,52)=EQUAL
T'H LOOPs FOR J=131s JeGeB=1
T'H LP2s FOR K=191y KeGal?2

LP2 WIR BIT(J)eEsC(Ksl)s T'O PACK
P*T CHECK
ERROR RETURN

R¥*%%%% PACK EXPRESSIONS INTO FQUATIONS

PACK T'H LP3y FOR L=0s1y LeGet&

LP3 CIKoNCIKI+L)=Y(L+1sJ)
WIR NC(K)eGe3y CIKsNCIKI-1)=PLUS
NC(K)=NC(K)+6

LooPr C'E
P!'T $1H1*S

R¥%#%%x PRINT EQUATIONS

T*H LP4s FOR M=1919 MeGel2
P!'T $1H *$

LPs4 P'T OUTsC(Msl)eeeCIMyNC(M)=2)
F'N
E*N



EXTERNAL FUNCTION REQN. (X)

Rx*#%x% GENERATE R REGISTER EQUATIONS

N'S INTEGER

PN EQUAL sPLUSsOUT(6)sCHECK(5)sBIT(500)sY(7#500) sSTATE(100) s
1CLOCK(100)sVAR(100)

D'N R(2%100)sNR(2)

VIS NR(1)1=343

Re¥%%% | OAD EQUATIONS MATRIX ROW NAMES

R(1+1)=$SR(1)J%

R{251)=3R(I)KS

R(1+2)=EQUAL

R(2+2)=EQUAL

T*H LOOPy FOR I=151s leGeX-1

T'H LPR1s FOR J=1431y JeGe?2
LPR] WIR BIT(I)eE«R(Js1)s T1O PACK

P'T CHECK

ERROR RETURN

R¥xx%% PACK EXPRESSIONS INTO EQUATIONS

PACK T'H LPR2y FOR K=0s1s KeGel

LPR2 RIOJINR(JI+K)=Y(K+1,1)
W'R NR{J)eGe3s R(JsNR(J)=1)=PLUS
NR(J)=NR(J)+6

LOOP C'E
P!'T $1H1*$

R#**%#% PRINT EQUATIONS

P*'T OUTsR(191)eeeR(1yNR(1)=2)

P'T OUTsR(291)eeeR(2sNR(2)=2)
PRINT COMMENT $0 1 = 0seees8S
F'N

E*N



LP1

LP2

LP3

PACKA
LP4

PACKB
LPS

LooP

LP6

LPY

EXTERNAL FUNCTION AEQN.(X)

R¥¥%%x% GENERATE A REGISTER FQUATIONS

N*'S INTEGER

P'N EQUALsPLUSsOUT(6)sCHECK(5)4B1T(
1CLOCK(100)9VAR(100)

D'N A(18%100)sNA(18)sB(9%100)sNB(9)

500)sY{T*500) sSTATE(100),

R¥**%x% | OAD EQUATIONS MATRIX ROW NAMES

T'H LP1s FOR I=0s1s leGo8
Al2%T4191)1=5A(0)J%eVe(leL5e18)
A(2%T4241)1=SA(0)KSeVel(lelSel8}
B(I+1’1)=$B(0)$.v.(IOLSOIS’
A{2%141,2)=EQUAL
Al2%T+242)=EQUAL
B{I+1+2)=EQUAL

NA(2%14+1)=3

NA(2%T1+2)=3

NB(I+1)=3

T'H LOOPy FOR J=13ls JeGeX~-1
T'H LP2y FOR K=191s KeGo1l8

WIR BIT(JU)eEoA(Ksl)s T10 PACKA
T'H LP3s FOR L=191s LeGe9

WIR BIT(J)eEeB(Ls1)s T*O PACKR
P!'T CHECK

ERROR RETURN

Rx#%%% PACK EXPRESSIONS INTO EQUATIONS

T*H LP4y FOR M=0s1s MeGot
ACKsNA(K)+M) =Y (M+14J)

W'R NA(K)eGe3s A(KsNA(K)=1)=PLUS
NA(K)=NA(K)+6

T'O LOOP

T'H LP5s FOR N=0s1s NeGe&
BILsNB(L)+N)=Y(N+1,J)

WIR NB(L)eGe3y B(LsNBI(L)-1)=PLUS
NB(L)=NB(L)+6

C'E

P'T S1H1*s

R¥x%%% PRINT EQUATIONS

T'H LP6s FOR P=1y1y PeGoel8

P'T OUTAsA(Ps1)eesA(PINA(P)=2)
T'H LP7s FOR Q=1s1s QeGe9

P!'T OUTAsB(Qs1)eeeB(QsNB(Q)=2)
F'N

V'S OUTA = $1H-9C5+5353(C395C6)/1H09S843(C395C6)/1H0,

1S8+3(C3+5C6)#$
E*N



APPENDIX K

BOOLEAN EQUATION PROGRAM OUTPUT
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dx(eT)N + (0)Dxdx(GCIN + (Z2)D0%d%(G0)N + Oxdx (LTI = Mlg)d

¥3IMCd +
dx{(91)) + dx(HT)Y + d={20)) + dx(#0)I) + dx(0T)IM +  (2)uxd*(Z2T)N + 19%d%x {90 = r(e)d
s (T)U%dx(Z2TIN = MAl2)d

YIMOd +
dx(GTIN + dx(%T)d + (2)Ixdx (SO + (€)Ixdx (GO0} + dx(#0 I + dx(TTIN + dx (0TI = r{2)d
d¥ (9T ) + dx (ST + dx (1IN + d%x(H%0)% + 9%d#(90)% = H(1)d
Y3IMOd + de (€T + (0)Yxd*(2T) = ¢f(1)d
dx(eT)> + dx (2T + 9xdx (LTI = HM(0)d

Y3IMOd + (0)Ixdx(G0OIN (T)I%d%x (S0 (2)Ixdx (S0

{€)DIxd*{GO0IN + d={(e0)x + dx (200 + dx (#0)I% + cx(TO)IN d% {00 )M dx (90 r(o)d




9% (€) Ikd% (SO + ¥y3IMod X(0)9

1¥v1S r(c)s




(2105 (B )Dxdx(ETIN +

s (E)0%(E)DRdR(ETIN +

0 (2)0%(2)D%dx(ETIN +

(T)A%(T)DkdR(ETIN +
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